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Range 1/33 h.p. to 15 h.p. 
9 to 1 stepless 

speed variation. 

Flange mounted motors 
(when required). 

Flange mounted 
Reduction Gears for low 
output speeds. 

) Exceptionally light, 
sensitive, and accurate 
control of speed settings 
by handwheel, pneumatic, 
mechanical or electrical 
remote control. 
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PITMAN TECHNICAL BOOKS 





FEBRUARY, 


INTRODUCTION TO 
MODERN PHYSICS 


By C. H. Blanchard, Robert L. Weber, R. G. Stoner, and 
Cc. R. Burnett. 


A very useful work for students of engineering, applied physics, 
chemistry, and also for degree physics students. It is so 
presented that it aims at broadening and strengthening the 
student's mastery of physics as a discipline rather than giving a 
mass of detailed information. 37/6 net. 


STREAMLINED COURSE 
IN SCIENTIFIC GERMAN 
By J. Horne, Ph.D. 


For those wishing to read and understand German books and 
journals on technical and scientific subjects. Part 1 is prim- 
arily for Segienere, and consists of simple, specially written 

ied by notes and word lists. Part Il consists 
of penny from modern German books and periodicals 
dealing with physics, chemistry, engineering, biology, etc. A 
glossary of technical terms and a useful list of abbreviations 
is also included. 15/- net. 


INDUCTION-TYPE 
INTEGRATING METERS 


By G. F. Shotter, M.1.E.E., and G. F. Tagg, B.Sc., Ph.D., etc. 





A theoretical and practical investigation into induction-type 
meters and instruments used universally for measuring the 
consumption of electricity. It introduces a new explanation 
of their action based on experiments and also a mathematical 
analysis. A specialist book for research workers, engineers, 
teachers, the maintenance divisions of electricity undertakings 
and for instrument manufacturers. 63/- net. 
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ELECTRONIC FUNDAMENTALS 


AND APPLICATIONS 
By John D. Ryder. 
The author has c lidated the fund al ph 








underlying both the transistor and semi-conductor devices 
into one treatment. in addition, he has brought together 
electronics and basic network theory and has emphasized the 
standard methods that prevail once an electronic device is 
reduced to a linear active circuit ; the treatment generally is 
qualitative and emphasis is given to the basic properties of an 
analytic method or process. 60/- net. 


FACTORY LAYOUT, 
PLANNING AND PROGRESS 


With special Reference to Engineering. 

By W. J. Hiscox. Edited by J. Stirling. 

Fourth Edition 

The ideas given in this book are based on a very long practical 
experience of factory organization and administration, and may 
be applied to any factory engaged upon any class of industry 
and worked in conjunction with any existing system. 12/6 net. 


INTRODUCTORY NUCLEAR 
THEORY 


By L. R. B. Elton, Ph.D., F.inst.P. 

The fundamental aspects of nuclear physics are treated in 
deta‘! and those aspects of quantum theory that are required 
for the subject are fully explained. Suitable as a theoretical 
introduction both for degree candidates and for post-graduate 
student  40/- net. 

From all booksellers 





PITMAN Parker St., Kingsway, W.C.2 
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A programme aimed at accumulating the 
necessary background information on refractory 
metals for the development of a columbium- 
tungsten-tantalum alloy for high-temperature 
applications (up to 3500°F) is being undertaken 
by the Union Carbide Corporation, in co-opera- 
tion with the U.S. Air Force. The new pro- 
gramme will be carried out in three phases, the 
first of which will cover the effects of interstitial 
impurity elements on the mechanical properties 
of refractory metals as a class, while the second 
phase will be concerned with high-temperature 
strengthening, and the third phase will comprise 
a study of oxidation behaviour in the tempera- 
ture range between 2000° and 3000°F. Particular 
attention will be directed to those columbium- 
and tantalum-base alloys which show maximum 
oxidation resistance. 


x x * 


According to an article in Priborostroyeniye 
for November 1960, it is claimed that the 
productivity of finishing operations has been 
increased by a factor of 3 as the result of the 
introduction of a new Russian galvano-abrasive 
process for finishing instrument components, such 
as the spindles of electrical counters. In this 
process, the components are placed in a rotating 
barrel, where they are first tumbled in a 10% 
solution of sodium phosphate with an abrasive 
powder and a number of copper balls of from 
1 to 3 mm diameter, the copper balls forming 
with the steel components a galvanic couple 
with a potential difference of about 0-6 V. After 
tumbling, the components are then burnished in 
the barrel in a solution of slaked lime with 
abrasive powder and pieces of porcelain, after 
which they are polished by tumbling in a soap 
solution containing pieces of porcelain and are 
then finally dried in sawdust. 


* * * 


A new approach to the design of the storage 
target assembly has been embodied in an 
improved bi-stable direct-viewing storage tube 
recently developed by the English Electric Valve 
Co. Ltd., of Chelmsford, Essex. The use of this 
new technique involves far less risk of damage to 
the assembly in cases where a high beam current 
is accidentally applied and enables the associated 
circuitry to be simplified. The tube, which has a 
viewing-screen diameter of 4 in., utilizes an 
electrostatically deflected and focused writing 
gun which deposits a charge pattern on the 
storage mesh, the spot diameter being about 


4 

















soles 





The largest stone 
im the Umniwerse 


This is the mighty planet Jupiter swinging majestically round the Sun at a distance five 
times that of the Earth. The artist has set you down on Europa, one of its retinue of 
satellites, and you look out over the eerie, alien, scenery towards the giant belted 
globe of Jupiter 415,000 miles distant, glowering against an almost black canopy of 
eternal night. 


According to modern atomic theory, at extremely high pressure atoms can become 
crushed and matter can collapse in upon itself. Even the entire Earth is far too light to 
achieve this pressure but at the centre of Jupiter, which is 317 times heavier than the 
Earth, this pressure is almost reached. If Jupiter was any bigger the matter at its 
centre would literally buckle and the planet would contract. For this reason when you 
see Jupiter you can fairly claim to be looking at the ‘largest stone in the Universe.’ 


Yet even Jupiter is part of man’s eventual heritage and we, at Balfours, are preparing 
the basic means of Production, the High Speed Steel and Alloy Tool Steels, Reamers, 
Cutters, Twist Drills and other Engineers Tools that will one day make it possible for 
space vehicles to travel to these remote regions. 


ARTHUR BALFOUR 


STEEL & TOOLS FOR THE WORLD 


ARTHUR BALFOUR & CO LTD. CAPITAL STEEL WORKS, SHEFFIELD ENGLAND. 
ASSOCIATED COMPANY: THE EAGLE & GLOBE STEEL CO, LTD. 
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0-010 in., while a second gun, which floods the 
storage mesh continuously, maintains this signal 
and displays it on the phosphor. The tube can 
store information indefinitely and permits 
continuous or intermittent display of the stored 
waveform. Two or more signals can be stored 
and displayed at the same time, and instantly 
erased when no longer required. 


* * * 


Details are given in a paper in the Review of 
the Electrical Communication Laboratory (May- 
June, 1960) of the Nippon Telegraph and 
Telephone Public Corporation, of the develop- 
ment in Japan of a new cotton-flock and flax 
paper for laminates, with large crystalline 
regions and a high degree of polymerization in 
the cellulose. It has been found that, when 
cotton flock is cooked in a solution of NaOH, 
the relation between the percentage amount x 
of NaOH and the relative viscosity or amount y 
of a-cellolose can be expressed as y = ae>*, 
where a and 6 are constants. It has also been 
found that maturing of the cooked pulps has the 
beneficial effect of increasing the absorptivity 
of the paper. Coloured papers, as well as 
papers with wear-resistant fillers, have also 
been developed. It is stated that all these 
papers have a high tensile strength and, when 
used for laminates, show good dimensional 
stability and a high electrical resistance. 


a * * 


Developed by The M. W. Kellogg Company, 
of New York, a new type of fuel cell operates on a 
mercury amalgam of sodium, oxygen, and water, 
and is stated to produce twice the voltage of 
hydrogen cells. In this connection, the new cell 
offers the advantage of sharply decreased plant 
volume, as fewer cells are required for a power- 
plant of appreciable size, and storage require- 
ments for sodium are considerably less than 
they are for hydrogen. In fact, it is claimed that 
the prototype will develop about 75 kW and, 
together with fuel storage space, will be about 
fifteen times lighter than equivalent standard 
electric batteries now in use, its weight being 
between 2 and 3 lb per kWhr of capacity. 


* * * 


Details of recent experiments carried out in 
connection with the chemical machining of 
aluminium are given in Issue No. 9-10, 1960, of 
the Report of the Japan Government Industrial 
Research Institute, at Nagoya. In these experi- 
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over 200 consignments 
leave their works 
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will not hesitate 


HALLMAC STOCK LIST 


She foremost 
of tty beend/ 


Send for your copy NOW! 











A consignment may consist of anything from one to 100 or more items! HALLMAC 


branches plus HALLMAC representatives cover the entire country, and to 


ensure the goods reach you on time every means of transport is used, from general 
transport by road, rail, and air to Hallmac’s own lorries and vans. 


Engineers’ Small Tools, Macrome Treated Tools, Hand and Power Tools 
Hallmac carry in stock the most comprehensive range of proprietary brands in 
the United Kingdom. Each brand or make is carefully selected to ensure that all 
stock is of the highest quality, and the scope is enlarged still further by Hallmac’s 
maintenance of 23,000 specifications in record form. This means that Hallmac 
can supply virtually any of your tool requirements, even “specials’’, ex-stock 


“extra specials’’ may sometimes take a little longer. 


Why not, therefore, confine ALL your tool-buying to a SINGLE reliable supply 
SOURCE, instead of dealing with many different suppliers of varying efficiency, 
wasting time on probably fruitless "phone calls, and burdening your accounts 
department with an unnecessary number of accounts. The Hallmac service has 
already proved its worth to many leading industrial firms of international repute. 
Let us start proving it to you by sending you the latest 52-page Hallmac Stock 
List, acknowledged to be the finest in the trade! 


HALLMAC TOOLS LIMITED 


Head Office and Depot: P.O. Box 39, Macrome Road, Wolverhampton. 52001 
(15 lines) 
LONDON MANCHESTER GLASGOW 


Suite 418, Cayzer House. 1, Lloyd Road, Central Chambers, 
2/4 St. Mary Axe, E.C.3 Manchester 19. 11, Bothwell Street, C.2. 
AVEnue 5792 Heaton Moor 3255 CEN¢ial 5066 
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ments, aluminium bars of square and of circular 
cross-section were taper-machined in an aqueous 
solution of sodium hydroxide or in hydro- 
chloric acid, and the results indicated that the 
straightness of the tapered parts increased if 
chemical machining was carried out with 
repeated dipping, instead of with a single dip. 
It was also found that the quality of machining 
improved with increasing dipping speed, and 
that, on the whole, sodium hydroxide baths were 
preferable to those using hydrochloric acid. It 
was noted that, with increasing concentrations of 
the sodium hydroxide solution, tapering first 
increased sharply and then levelled off, whereas 
the degree of tapering appeared to increase with 
increasing temperature in accordance with a 
square law. 


* * * 


According to a report in Prace Instytutéw 
Hutniczych for December 1960, successful tests 
have been carried out in Poland with regard to 
the dry-galvanizing or aluminizing of low-carbon 
steel wire under a protective atmosphere of 
hydrogen. It is claimed that, with this method, 
coatings of good mechanical and physical 
properties can be obtained, the major advantage, 
however, being that conventional acid pickling 
of the wire can be eliminated. 


* * * 


As reported in Materials in Design Engineer- 
ing for December 1960, the fact that diallyl 
phthalate has excellent retention of its electrical 
properties under conditions of high humidity, as 
it absorbs virtually no moisture, has led to the 
development of this material in the form of a 
conductive plastic to replace resistance wire in 
precision potentiometers. In the construction of 
these potentiometers, the conductive compound, 
comprising diallyl phthalate and a carbon filler, 
is inserted into a recessed ring on the com- 
pression mould and is then covered with standard 
insulation-type diallyl phthalate, after which the 
element and base are moulded as one piece. It 
is stated that the use of this conductive material 
has the advantage of reducing the electrical 
noise normally caused by uneven surface 
resistance by allowing the wiper to ride on the 
smooth, low-friction surface of the plastic, with 
the additional advantages of reduced wiper wear 
and very low turning torque. Also, the conduc- 
tive diallyl phthalate ring eliminates the jumps in 
resistance generally caused when a wiper passes 
from one wire coil to another. 
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FACTS AND FRICTION 


Look at the construction of a 
FLEXHOISTA—6 strands each of 19 
wires with an independent wire rope 
core, all perfectly assembled yet all 
working independently to give flexibility. 

They are continually subjected to 
both external and internal stresses and 
strains and to surface abrasion and 
pressure; these changes are taking place 
very rapidly when the rope is running. 
That is why it is so important to get the 
right rope for the job. 

FLEXHOISTA is made by a 
Company with close on a century of 
experience and service in ropes.* 


*For scheduled replacement, 
emergency or just honest advice about 
wire ropes—call in Whitecross any time. 


FIT THE ROPE 
FIT FOR THE JOB—FIT 


THE WHITECROSS COMPANY LIMITED 


WIRE ROPES 


WARRINGTON, ENGLAND. EST. 1864 
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CAPITAL 


This bit is\ big news 
—from any point of view 


There are sound reasons for using “Super Capital” High Speed Steel Toolbits. 
The high quality steel is production controlled and tested, in Balfour’s own 
works, from the melt to the finished product. 

Toolbits are subjected to a specialised heat treatment to ensure extra life and 
durability They satisfy the needs of users who require maximum performance 
at no extra cost. These qualities ensure that a cha to “Super Ca isa 
change for the best. Available in Sheffield and also branch office stocks 
tn London, Birmingham, Manchester and Cardiff. 


ARTHUR BALFOUR 














ARTHUR BALFOUR & CO, LTD. CAPITAL STEEL WORKS, SHEFFIELD ENGLAND. 
ASSOCIATED COMPANY: THE EAGLE & GLOBE STEEL CO. LTD. 





BUSINESS NOTES 


Charles Churchill & Co. Ltd., of South Yardley, 
Birmingham, announce a further addition to the Group 
in the incorporation of Denham’s Engineering Co. Ltd., 
of Halifax. While the range of general-purpose lathes 
made by this company will be continued, the manufactur- 
ing capacity will be expanded to enable the production of 
other machines within the range handled by the Charles 
Churchill Group to be undertaken. Denham’s Engineer- 
ing Co. Ltd. will, like other companies in the Group, 
continue to function as an autonomous unit and will for 
the present maintain its own selling arrangements. 


* * * 


It is announced by John Brown & Co. Ltd. that their 
subsidiary company, John Brown (S.E.N.D.) Ltd., have 
concluded an agreement with DEMAG Aktiengesell- 
schaft Duisberg for the manufacture and supply in the 
U.K. of a wide range of iron- and steel-works plant to 
the designs of DEMAG, one of the largest and oldest 
manufacturers of this type of equipment in Europe. 
John Brown (S.E.N.D.) Ltd. is the organization in the 
John Brown Group which undertakes the designing and 
contracting for engineering products that are new to the 
John Brown subsidiary companies, a1d co-ordinates the 
manufacture of these new products amongst their 
appropriate works. 


~ * * 


The English Steel Corporation Ltd., of Sheffield, 
announce that the telephone number of their River Don 
Works, Grimesthorpe Works, Stevenson Road Works, 
Park Works, and Tinsley Park Works, has been changed 
to Sheffield 49071. 


* * *~ 


It is announced by The Villiers Engineering Co. Ltd., 
of Wolverhampton, that they have purchased the firm of 
John Roper & Son, Ltd., also of Wolverhampton, who 
have specialized in the production of straight and spiral 
bevel gears and of spur and helical gears. 


* * * 


In accordance with the terms of an agreement signed 
between Simms Motor Units Ltd., of London, N.2, and 
the Bendix Corporation, of Detroit, Michigan, Simms 
have granted to Bendix an exclusive manufacturing 
licence and selling rights throughout the U.S.A. for their 
diesel fuel-injection equipment, including fuel-injection 
pumps, governors, injectors, filters, and couplings. At 
the same time, the Bendix Corporation have acquired 
non-exclusive selling rights for this equipment in Canada, 
Mexico, and Brazil, and will assume complete responsi- 
bility for servicing throughout the area. The Simms 
interests will be handled by the Scintilla Division of the 
Bendix Corporation, occupying a site of over 98 acres at 
Sidney, N.Y., with a floor area at present in use of over 
600,000 sq ft. 


* * * 


G. H. Osborn Building Products Ltd., of Isleworth. 
Middlesex, announce that they have set up a new division 
within the company for the manufacture of industrial 
reinforced-plastics products. The new division, though 
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Why look elsewhere, when all 
the benefits of long specialization 
plus the closest adherence to 
exacting quality standards are 
so conveniently available. Let 
ORMOND quote for all Repeti- 
tion Parts—for single and multi 
1}’ 
diameter; Brass, Steel and Light 
Alloy Screws in Rolled and Cut 
Threads, Grub Nuts, 


Allthreads, Hexagon Bolts and 


spindle automatics up to 


screws, 


Set screws turned from bar and 
Cold Headed Grades ‘‘A,’’ ‘‘B’’ 
and High Tensile. 


THE ORMOND ENGINEERING Co. Ltd. 


ORMOND HOUSE, ROSEBERY AVENUE, LONDON, E.C.1 


Telephone: TERminus 2888 


THE ENGINEERS’ 


Telegrams: ‘‘Ormondengi, Cent.”’ 
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»/ Whether you are concerned 

7 with condensing, evaporating, 
jf heating or cooling you will 
) find a use for TUBE-IN-STRIP. 
Versatile, easy to work 
TUBE-IN-STRIP does many 

jobs more easily and economically 


than ever before. 





You’ll want to know 
more about 
TUBE-IN-STRIP. 
Write to us for 
descriptive leaflet. 
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BUSINESS NOTES 


sharing the same factory site as the Building Products 
Division at Hayes, Middlesex, will act as a separate unit, 
and has installed what are claimed to be the largest 
presses in the U.K., together with a considerable quantity 
of auxiliary equipment, in order to facilitate automatic 
production. The division is capable of handling any 
application from its inception to post-production service, 
and includes a fully operational special dough-moulding 
compound section, primarily intended to serve the 
electrical and engineering industries. In addition, a 
pre-production department has been inaugurated, this 
being divided into three sections, i.e., estimating, tool 
design, and preliminary processing, as well as a special 
development department, which is devoted solely to 
furthering the uses of reinforced plastics in the building 
industry and to meeting the varied requirements of the 
industrial division. 
. . . 


The iron- and steel-making companies of the G.K.N. 
Group, of which John Lysaght’s Scunthorpe Works Ltd. 
and its subsidiary company, The Scunthorpe Rod Mill 
Ltd., are members, have been amalgamated under the 
name of the G.K.N. Steel Company Ltd., the new company 
having acquired the undertakings and assets of these two 
companies. The business conducted by John Lysaght’s 
Scunthorpe Works Ltd. and The Scunthorpe Rod Mill 
Ltd. will continue under the name of Lysaght’s Scun- 
thorpe Works (Branch of G.K.N. Steel Co. Ltd.), under 
which name all transactions on behalf of the branch will 
be conducted in future. 


* * 


It is announced by the AABACAS Engineering Co. 
Ltd., of Birkenhead, that their telephone number has 
now been changed to Birkenhead 6673. In addition, it 
is announced that their Birmingham representatives are 
now B. Clarke & Sons Ltd., 1292 Bristol Road South, 
Longbridge, Birmingham (Tel: Priory 3437). 


* * * 


To enable their Machine-Tool Division to expand 
and also to speed up production of Lester injection- 
moulding machines, which they manufacture under 
licence in the U.K., J. Brockhouse & Co. Ltd. announce 
that they have acquired the machine-tool works of 
Craven Bros. (Manchester) Ltd., at Denton, Lancs., 
together with all their machinery and equipment. 
Sufficient capacity is also available at this factory, which 


H. & E. Lintott Ltd., of Horsham, a member of the 
Ayling Industries Group, has now changed its name to 
Lintott Engineering Ltd. 


* * * 


A new Reinforced-Plastics Division has been formed 
by The English Electric Co. Ltd., its address being The 
English Electric Co. Ltd., Reinforced-Plastics Division, 
Freckleton Works, Mill Lane, Warton, Lancs. (Tel: 
Freckleton 521). The range of manufacture includes 
components for aircraft, traction, and rolling-stock, 
previously made at the company’s Preston Works, as 
well as numerous other items from various small manu- 
facturing units which have been operating in the group. 
Although, at this stage, the bulk of production will be 
used by the group, the new works have been organized 
for competitive production, enabling reinforced-plastics 
components to be produced on a commercial basis for 
outside organizations. The division, which includes a 
complete preforming and press-moulding manufacturing 
unit, is equipped to produce a wide range of articles, 
including large pressure mouldings up to a maximum of 
15 x 12 ft, filament-wound tubes, pipes, and pressure 
vessels. 










BARCLAYS BANK D.C.O 
banks on Bailey's 
for steam pressure regulation 


The entire pressure regulation 

system at Barclays Bank D.C.O., 

Goodenough House, 

Old Broad Street, London, 

was supplied by Sir W. H. Bailey 

& Co. Ltd. for the Consulting 

Engineers, J. E. Greatorex and 

Partners, and the Heating 

Engineers, Sulzer Bros. (London) 

Ltd. The architects were Ley, 

Colbeck, and Partners. 

While specialising in the 

manufacture of 

pressure regulators, Bailey's are 

in a position to supply complete 

installations of this kind, 
incorporating isolating valves, 

‘8 my Strainers, relief valves, gauges and 

ancillary equipment. For medium 

and low pressure control 

installations in steam, water, oil, 

air and gases, you can 

bank on Bailey’s. 
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Ss SIR W. H. BAILEY AND COMPANY LIMITED 
REGO. 


HEAD OFFICE & EXPORT SALES: 
Albion Works, Patricroft, Manchester. Tel: Eccles 3487 (4 lines) 


has a floor space of 70,000 sq ft, for extension of the 
Lester range of machines, which will include the produc- 
tion of diecasting machines and other interests in plastics 
now under consideration 


LONDON & SOUTHERN AREA SALES: : ; 

Selinas Lane, Dagenham, Essex. Tel: Dominion 2277 (3 lines) 

PRESSURE REGULATORS - SLUICE VALVES - TEST PUMPS - TURNSTILES 
TGA G68 
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CATALOG UE from ANDERTON SPRINGS Ltd. (A2) BINGLEY 2388 
London Office: HOLborn 5151 & 5305 
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CONTRACTS 


A £50,000 contract for the supply and installation of 
overhead cranes has been placed with The Wharton 
Crane & Hoist Co. Ltd., of Reddish, Stockport, by 
James Booth Aluminium, Ltd., for installation next 
year in the company’s Kitts Green Works, Birmingham, 
which is now being modernized and re-equipped as 
part of a £5,000,000 expansion programme. The 
contract includes an overhead electric travelling crane, 
four-motor cage-controlled, with a capacity of 110 tons 
and a span of 62 ft 10 in., fitted with a 5-ton auxiliary 
hoist. The contract also includes a 5-ton enclosed-type 
crane on a span of 49 ft, fitted with a telescopic mast 
and electric slewing gear, and with automatic tongs for 
handling aluminium ingots, as well as a 30-ton two-point 
lift, three-motor crane on a span of 91 ft 3 in. 


* * * 


Davy-Ashmore Ltd. announce that their subsidiary, 
Davy and United Engineering Co. Ltd., have received an 
order valued at approximately £300,000 from The 
Broken Hill Proprietary Co. Ltd. for the design and 
supply of two 200-ton basic oxygen converter furnaces, 
to be installed in the company’s Newcastle Works, New 
South Wales, Australia. The contract for these furnaces, 
which will be manufactured in the Stockton Works of 
Ashmore, Benson, Pease & Co. Ltd., is believed to 
represent a new phase in the development of oxygen 
converter steelmaking, which hitherto has been limited 
to furnaces of about 100 tons capacity. 


* * * 


Head Wrightson Processes Ltd., of Yarm and London, 
a subsidiary of Head Wrightson & Co. Ltd., have been 
awarded a contract, valued at nearly £500,000, by the 
Central Electricity Generating Board for the construction 
of a flue-gas washing plant, part of the extension to 
Bankside Power Station. This plant is designed to 
remove more than 95°% of the sulphur from the oil-fired 
boiler flue gases. 


* * * 


An order worth £10,000 has been received by Tem- 
perature Ltd., of London, S.W.6, for the supply, erection, 
and commissioning of air-conditioning plant for part of 
the Lancing factory of Eschniann Brothers & Walsh 
Ltd., who are the first rubber company to install this 
type of equipment. The equipment will reduce rejects 
and the lost time at present encountered, by providing 
stable atmospheric conditions free from excessive heat 
and humidity during the processing of rubber for 
catheter tubes and similar medical products. It will 
virtually eliminate problems associated with the coagula- 
tion of rubber stock as a result of humidity and will incor- 
porate an exhaust system for the eleven ovens used in this 
part of the factory. 


* * * 


Orders valued at about £500,000 have been received 
from Russia by the David Brown Machine Tool Division, 
of Manchester, for precision gear-hobbing machines, 
ranging in weight from 10 to 120 tons and with gear- 
diameter capacities from 30 to 150 in. Severai of these 
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This simple test on an aluminium piston treated with 
Alumilite HARD Anodising demonstrates the exceptional 
resistance to abrasion achieved by this unique process. 

Alumilite HARD Anodising opens up new fields for the 
use of aluminium where previously harder metals only could 
be used. For moving parts such as bearings, pistons, cams, 
bobbins, generator brush boxes, sliding door runners, arti- 
ficial knee-joints, etc., this process has proved entirely 
satisfactory. 

There may be many unsuspected applications where 
Alumilite HARD Anodising can save you machinery and 
material costs. Send us details of your production and we 
will gladly advise you. 


Technical Data Sheets available on request. 





ALUMILITE & ALZAK 


LIMITED 
PRIORY WORKS, DEPT. N, STATION RD., LONDON, S.W.19 
Telephone: LiBerty 7641 
MIDLANDS: 20/21 MERIDEN STREET, BIRMINGHAM, 5 
Telephone: MIDLAND 7426 
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balance... 


the Joy WNI12 stationary compressor 


Engineers right on their toes designed the Joy WN.112 compressor, designed it for balance, 
high-stepping efficiency and the quick precision of a ballet movement. The faultless timing, 
alignment and complete harmony of the WN.112 make it a machine well worth studying 


write for a copy of Publication AD /6—study it  —— 
ain POWER 


AIR POWER SUPPLIED & APPLIED BY 


pivision 


7 HARLEY STREET, LONDON W.1 
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CONTRACTS 


machines are equipped with electronic accuracy-control 
systems developed by the David Brown Machine Tool 
Division in collaboration with E.M.I. Electronics Ltd., 
of Hayes, Middlesex, and the National Engineering 
Laboratory, of Kilbride, Scotland. 


Australian Electrical Industries (Pty.) Ltd. have 
ordered from the Heavy Plant Division of Associated 
Electrical Industries Ltd., of Rugby, synchronous and 
squirrel-cage induction motors valued at over £100,000 
for driving compressors in a new oxygen tonnage plant in 
New South Wales, to be supplied by Linde Eismaschinen 
A.G., of Munich, for producing oxygen in large quantities 
for steel manufacture. Three 3500-hp synchronous 
motors will be used to drive centrifugal air compressors, 
while two 2200-hp synchronous motors will drive 
centrifugal oxygen compressors, and two 1500-hp 
squirrel-cage induction motors will drive reciprocating 
oxygen compressors. Starting equipment and switchgear 
are included in the order. 


* * 


Orders for the 8700 nautical miles of newly developed 
submarine telephone cable and 335 submerged repeaters 
(amplifiers) required for the largest telephone-cable project 
yet undertaken have been placed by the Pacific Cable 
Management Committee with two British companies, 
i.e., Standard Telephones and Cables Ltd. and Submarine 
Cables Ltd. The total value of the orders is approxi- 
mately £18,000,000 and, under the conditions of the 
contract, as much as possible of the raw material 
required for the cable is to be supplied from Australia 
and Canada. This Commonwealth submarine telephone 
cable will span the Pacific Ocean, linking Australia, New 
Zealand, and Canada and its completion is scheduled for 
the middle of 1964. The cable will have a capacity of 


80 high-grade telephone channels and, in addition to 
public telephone service, will provide public telegraph, 
photo-telegraph, and telex circuits, together with 
facilities for leased private circuits for all types of 
telecommunications services and broadcast-programme 
channels. It will connect, via Canada, with a similar 
cable to be laid this year between Canada and the U.K.., 
and will therefore open up greatly improved services 
between Europe and New Zealand and Australia. 


RENOLD Sprag Glutches 








PRESS 
transmit more torque for size and 
weight than any other clutch 


for “INDEXING 


as illustrated on this toffee wrapping machine. The 
sprag clutch is used for indexing the poper feed 
drives which also employ Renold :375” pitch simple 
roller chain. 


clutches index with s 


of the machine 
te for ase giving brome yes RENOLD CHAINS LIMITED 
of our comprehensive range of over 
70 standard sizes for indexing, back- ([0S\T')4@)) SPRAG CLUTCH UNIT 
stopping and silent over-running 50, CATHEDRAL ROAD 
with low drag. QT CARDIFF 
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Why use V-Blocks 


When you can now buy 


‘B’ (BALL) BLOCKS 


ACCURATE TO 0-0002 in. 
COMPETITIVE IN PRICE 


Will accommodate a wide range of diameters 


Provide two different angles of contact on the 
same block so that lobing can always be detected 


RUBERT & CO. LTD. 


DEMMINGS ROAD, CHEADLE, 
CHESHIRE 


Tels: GATley 5855, 6058 
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A new Grommet development 
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SEALING 


EMPIRE RUBBER GROMMET 
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PAT. APP. No. §255/59 

This newly developed self-conforming grommet, 
because it is immediately self-locking against the 
elements, is the solution to many of an engineer’s 
sealing problems. 

Any one size will not only accommodate itself to 
a variety of mounting plate thicknesses, but 
(designed for cable or control rod) will take these 


in a variety of sizes and be weather-, water- and 
dust-proof at a variety of angles to the cable or rod. 


Because of its capacity to conform to many varying 
requirements, it enables a workshop stock range 
of grommets to be reduced to perhaps one tenth of 
that at present maintained. 


THE NEW BLIND GROMMET THE NEW DESIGNED GROMMET 
SBOOND SEAL 


FIRST SEAL PLaTE 


| 
| 
| 
| 
| 


FREE FITTED 

In the cable grommet variety the same double pres- 
sure seal is created, allied to tight seal on various 
diameters of cable. This new grommet gives sound 
sealing at all vital points. 


Note how when sprung into position the grommet 
provides a perfect double seal by its own permanent 
pressures. The angled groove also creates a tight 
pressure hold on the metal plate. 


In the conventional mmet, 
only one thickness of plate and 
only one size of cable can be 
accommodated. No effective seal 
is afforded by the 
parallel groove. 


A useful feature of this cable grommet is that by reason of the designed taper 
of the cable entry and the flexibility of the web, a considerable angle of cable 
entry and a variety of cable size are possible. This avoids necessity for special 
grommets with angled bores. 


ENQUIRE 
for catalogue section and 
detailed particulars. 


Now being produced in a range of sizes. 


THESE GROMMETS WILL SOLVE 
YOUR SEALING PROBLEMS. 


EMPIRE RUBBER COMPANY + DUNSTABLE BEDFORDSHIRE + ENGLAND 
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PERSONAL 
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Mr. A. Nadin, A.M.B.I.M., A.M.1.W.M., general 
manager of Brayshaw Furnaces Ltd. and Brayshaw 
Tools Ltd., of West Gorton, Manchester 12, has been 
appointed a director of both these companies. 


* * * 


Mr. P. R. Armitage, A.M.I.Loco.E., has been 
appointed manager of the Traction Division of The 
General Electric Co. Ltd., in succession to Mr. W. D. 
Morton, who was recently promoted to the position of 
assistant general manager of the company’s Witton 
Works. 


* * * 


It is announced that Mr. N. A. Morling, who was 
appointed a director of Ferodo Ltd. in July 1960, will 
succeed Mr. G. S. Sutcliffe as chairman. Mr. Sutcliffe 
will resign his directorship of Ferodo Ltd. and will 
assume the chairmanship of three other companies in the 
Turner and Newall Organization, i.e., Turner Brothers 
Asbestos Co. Ltd., J. W. Roberts Ltd., and Glass 
Fabrics Ltd., this appointment having been held by 
Mr. Morling for the past four years. 


* * * 


Mr. L. J. Garibaldi has been appointed manager of 
the Steam and Gas Turbines Division of The English 
Electric Co. Ltd. at Rugby, following the retirement at 
his own request of Mr. A. Friswell, M.1I.Mech.E.., 
general manager of the Steam Turbine Division. Mr. 
Garibaldi, who has been contracts manager of this 
Division since 1955, will be responsible for all commercial 
activities connected with turbines and for the co-ordina- 
tion of policy in engineering, :ales, and contracts. 


+ * * 


It is announced that Mr. R. Lewis Stubbs, director of 
the Zinc Development Association, has been appointed 
director-general of the Lead Development Association 
and of the Zinc Development Association. As such, he 
will be responsible for the overall direction and expansion 
of the work of both Associations, and will represent them 
at international meetings. Each Association will, 
however, continue to function separately, and general 
managers for both will shortly be appointed. 


* ” * 


John Brown Land Boilers Ltd. announce that 
Mr. H. M. Gregory (general manager, works and 
construction) and Mr. J. D. Williams, B.Sc., (chief 
engineer) have been appointed directors. Sir James 
MeNeill and Mr. T. Mensforth have resigned their 
directorships. In addition, Mr. P. B. Low, C.A., has 
been appointed chief accountant, in succession to 
Mr. I. M. Graham, C.A., who has been appointed a 
director and secretary of John Brown (S.E.N.D.) Ltd. 


* . 7 
The Asquith Machine Tool Corporation announce 
that Mr, J. Atherton has joined their subsidiary company, 


William Asquith Ltd., as a director and chief engineer. 
Mr. A. Johnson has relinquished his position as chief 
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he’s got 
his head 
screwed on 
the right 
way! 


When it’s a question of bolts 
and nuts, the wise man will 
always choose Richards. 

In every capacity they have 
proved their indefatigable 
tenacity. Richards bolts and 


nuts, available as both black 











| 
and bright, will stand up | 
to any normal stress; where | 
stresses are excessive, use 
the famous “Hi-Strain™ | 
brand for the absolute | 


maximum of safety. 





for any nutty problem 
call in 


RICHARDS 


manufacturers of nuts, bolts and 
fastenings for industry. 





CHARLES RICHARDS & SONS LTD. 
P.O. BOX No. 23 

DARLASTON - WEDNESBURY SOUTH STAFFS. 

‘Phone : James Bridge 3188 (8 lines) P.B.X. 

Wires : ‘Richards’ Darlaston. 
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produce these steels under 
strict metallurgical control 
from electric melting to 
final warehousing, in their 
Tool Steel plant at 
Openshaw. 


ENGLISH STEEL 


ROLLING MILLS CORPORATION LIMITED 
Openshaw - Manchester 
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TOOL STEEL MANUFACTURERS FOR THE VICKERS GROUP OF COMPANIES 
London Stockist:—Thos. P. Headland Led., 
10 Melon Road, S.E.15 

Phone: New Cross 4300 


Birmingham Stockist:—Monks & Crane Ltd., 
Garretts Green Lane, 
Birmingham, 33 
Phone: Stetchford 4051 
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PERSONAL 


engineer of William Asquith Ltd., but is retaining his 
seat on the board, and will act as consultant and will 
concern himself with general development work for the 
group. 


Mr. E. O. Chariton, A.M.1.Mech.E., has been 
appointed manager of the London office of W. H. Allen 
Sons & Co. Ltd., of Bedford, in succession to Mr. 
F. A. B. Andrews, who has retired after 53 years of service 
with the company. 


As announced by the Darwins Group Ltd., of 
Sheffield, Captain J. K. Hamilton, R.N., has been 
appointed a director of their subsidiary company, the 
Sheffield Forge & Rolling Mills Co. Ltd., of Millsands, 
Sheffield. 


* * * 


Following their acquisition by Crane Ltd., of London 
and Ipswich, Rhodes, Brydon & Youatt Ltd., of Stock- 
port, Cheshire, announce that Mr. W. Latta has been 
appointed director and general manager of the latter 
company. 

” . ” 


Metal Industries Ltd. announce the appointment of 
Mr. R. J. F. Howard as Director of Marketing, in which 
capacity he will be primarily concerned with the co-ordi- 
nation of the marketing activities of the electrical 
companies within the M.I. Group. Mr. Howard was 
previously a director of Lancashire Dynamo Electronic 
Products Ltd. He remains a non-executive director of 
this company and also joins, in a similar capacity, the 
boards of five other M.I. subsidiaries, i.e., Brookhirst 
Igranic Ltd., Lancashire Dynamo & Crypto Ltd., Foster 
Transformers Ltd., J. G. Statter & Co. Ltd., and 
Lancashire Dynamo Nevelin Ltd. 


* * * 


Mr. J. C. Budd has been appointed chairman of The 
Manganese Bronze & Brass Co., Ltd., of London, E.C.2, 
in succession to Mr. J. C. Colquhoun, who has retired. 
Mr. R. Dennis Poore has been appointed a director of the 
company. 


* * * 


It is announced by the A.P.V. Co. Ltd. that Mr. P. W. 
Seligman has been appointed deputy chairman, while 
retaining his present position of managing director, and 
that Mr. H. P. N. Benson has also been appointed 
managing director. 





COMMANDER J. R. PATTERSON 


We announce with deep regret the death of 
Commander J. R. Patterson, O.B.E., D.S.C., 
R.N. (Rtd.), technical secretary of The Parsons 
and Marine Engineering Turbine Research and 
Development Association (Pametrada). 




















OIL SIGHTS 
FOR 
MACHINE 
TOOLS 











Accuracy to finest limits is automatically 
expected of every Rotherham product. The 
type of Oil Sight for Machine Tools illustrated 
serves to strengthen this confidence in 
Rotherham quality. This pattern is threaded 
2” B.S.P. Other sizes may be quoted for in 
production quantities. Remember us also for 
Brass T, Y, 4-Way and Elbow Pieces, Brass 
Taps of all kinds, Brass Grease Cups, Winkley 
Oilers, etc. 


ROTHERHAM & SONS LIMITED COVENTRY 
Telephone : 28292 
PRECISION MANUFACTURERS SINCE 1750 
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OILS - COOLS - CLEANS 


Cleans and oils flat or curved strip. 
Discourages waste and eliminates breakages. 
Suitable for upright or inclined presses. 
Adjustable for various tools. 

Available in two sizes for strip up to 6” wide. 


Write for special leaflet 
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a takes at least thirty people 


thirty pairs of skilled hands—to make one DORMER Drill. Every 
operation is performed by experienced operators with the most up- 
to-date machinery. Careful heat-treatment and inspection are equally 
essential in maintaining the consistently high standard of DORMER 
Tools. 
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NEWS ROUND-UP 


Woolwich Polytechnic Computer Centre 

The Stantec “Zebra” automatic electronic digital 
computer recently installed at the Woolwich Polytechnic, 
London, is a general-purpose computer of medium size, 
suitable for mathematical, scientific, engineering, and 
statistical calculations, and for commercial, financial, 
and industrial applications. Woolwich Polytechnic is 
amongst the very few establishments of further education 
to possess a computer, and a large library of problems, 
already programmed, is available to users. 

The Computer Centre, which is established in the 
Mathematics Department of the Woolwich Polytechnic, 
will be used for the following purposes:— 

(1) As a service to users in industry and commerce, 
who are invited to discuss their problems with the 
computer staff and to use time on the computer, a 
moderate fee being charged for this latter service. 
In this connection, the Mathematics Department 
will welcome visits from anyone interested and is 
prepared to arrange courses on programming 
methods, according to demand. 

For the training of students in the use of digital 
computers. It is intended that every student of the 
Polytechnic who is studying for a B.Sc. degree in 
mathematics, physics, chemistry, engineering, or 
economics, and every student studying for a 
Diploma in Technology or a Higher National 
Certificate with endorsements, will have an 
opportunity to write programmes for and to 
operate the computer. This is of particular 
importance because, in the next five years, the 
number of computers in operation in the U.K. 
may well quadruple and it will therefore become 
necessary for an increasing number of scientists 
and technologists to have some knowledge of 
computer techniques. 

As an aid to research by members of the staff 
and post-graduate students of the Polytechnic 
and other educational establishments. 


European Symposium on Space Technology 


Primarily intended to bring together engineers and 
scientists, with a view to discussing the possibility of 
formulating a joint programme of space research, the 
First European Symposium on Space Technology, 
organized by the British Interplanetary Society, will be 
held in the Council Room of the Federation of British 
Industries, 21 Tothill Street, London, S.W.1, between 
June 26 and 28, 1961. The Symposium will be open to 
participation by countries in Western Europe, particularly 
those who belong to the Organization for European 
Economic Cooperation, but it is also envisaged that 
Commonwealth countries, especially Australia and 
Canada, will be concerned in any programme decided 
upon. 

The conference will have heavy industrial overtones 
and will discuss the most fruitful lines of approach, 
bearing in mind the resources in men and materials 
available for the participating nations. In addition to 
consideration of technical projects, matters of finance and 
organization will be dealt with, leading eventually to final 
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HYDRAULIC CIRCUITS 


can be bought 
in a package! 


THE ARMSTRONG 
HYDRAULIC ACTUATOR 


enables you to install first-class hydraulic 
circuits in the easiest and most economical 
way in the world. 

You can select a combination of the 
various types of Armstrong Actuator units 
to suit your individual requirements. 
Efficient assembly requires only elemen- 
tary engineering knowledge; simple in- 
structions are provided and stock em- 
bodiment items supplied. 

An Armstrong Actuator does away with 
the need for heavy or complicated link- 
ages and gives none of the troubles that 
tend to crop up with links, levers or 
cams Once installed and charged it 
will function for as long as the machine 
or structure in which it is embodied— 
smoothly and efficiently. This bold new 
conception of hydraulic control has 
behind it the vast experience gained by 
the Armstrong Patents Company 
Limited of Beverley They alone, 
because of their unique position in the 
field of hydraulic engineering are able 
to offer Actuators of this quakity at the 
price. 

Armstrong “ Off-the-Shelf” Actuators 
and Pump units—manually or power 
operated—put so many possibilities “with- 
in vour reach” that early investigation 
s advised. Ask for leaflet APL 51/18.— 


ARMSTRONG PATENTS CO.LTD 
EASTGATE, BEVERLEY, YORKS 


Tel. Beverley 82212 


MAKERS OF THE WORLD 


FAMOUS ARMSTRONG 


HYDRAULIC SHOCK ABSORBERS 


THE ENGINEERS’ DIGEST 





An Avery 7208 Dynami 
Balancing Machine installed at the 


Photograph by courtesy of 
works of Newman Industries Limited, Bristol 


Newman Industries Limited 
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Well known in the Automotive and Railway 
Industries, Hardy Spicer are now a 
supplying propeller shafts and 

universal joints in increasing 

quantities for other engineering 

applications. Typical of these are the 

drive shaft and universal joints used in the 


works of Newman Industries Limited, Bristol. 


Hardy Spicer’s wide experience ensures the 


‘ 


highest standards of design and performance. 


Please write for further details and illustrated leaflets. 


HARDY SPICER 


PROPELLER SHAFTS 
Birtiei 
HARDY SPICER LIMITED Group 


CHESTER ROAD - ERDINGTON - BIRMINGHAM 24 « ERD’ NGTON 2191 (18 LINES) - TELEX: 33414 
Engineering Division of BIRFIELD INDUSTRIES LIMITED 
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CHAPMAN & HALL 


*% New Books x 


THE DIELECTRIC 
CIRCUIT 
PHILIP KEMP 


A comprehensive treatment of this particular 
branch of electrical engineering. //lustrated. 45s. net. 


EMBRITTLEMENT 
BY LIQUID METALS 
W. RosToKer, H. MARKUS 
J. M. MCCAUGHEY 
A REINHOLD BOOK 
Of direct interest to engineers working in the fields 
of nuclear energy, welding, soldering and brazing, 


mechanical testing, research on brittle fracture, 
and hot deformation of metals. I/lustrated. 64s. net. 


VIDEO TAPE RECORDING 
JULIAN BERNSTEIN 


A complete coverage of the mechanics and elect- 
ronics of Videotape recording. J/lustrated. 72s. net. 








37 ESSEX STREET, LONDON, W.C.2. 


decisions and recommendations for future consideration. 
It is hoped that this may lead to an expanding programme 
of space exploration, undertaken on the widest possible 
international basis, and the closest possible collaboration 
with the U.S.A. and, if possible, the U.S.S.R., is also 
envisaged. 

It is clear that the cost of a major space programme is 
very high, and this is naturally a matter for careful 
consideraticn, even though the ultimate rewards may 
greatly exceed the expenditure involved. Nevertheless, 
there are limitations on the number of personnel and the 
abilities of those who can contribute effectively to this 
subject, and it is therefore more than ever necessary to 
conceive a carefully prepared programme which does not 
involve duplications of the efforts of other countries. 

Further particulars and information are obtainable 
from Mr. L. J. Carter, Secretary, British Interplanetary 
Society, 12 Bessborough Gardens, London, S.W.1. 


The New HSBT Turbine Factory at Hucclecote 

Covering approximately 200,000 sq ft, fully equipped 
with the most modern machine tools and services, and 
incorporating comprehensive research, development, and 
test facilities, the new turbine factory recently constructed 
for Hawker Siddeley Brush Turbines Ltd. at Hucclecote, 
Gloucester, is undoubtedly one of the finest of its kind in 
Europe for the manufacture of medium-size turbines. 
The factory, which is built on the site of the Gloster 
Aircraft Works, is fully equipped for the production and 
testing of steam turbines of both axial- and radial-flow 
types, gas turbines, gas expansion turbines, turbo- 
chargers, and compressors. 

Since a large portion of the output is for export, 
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special attention has been given to the provision of test 
facilities. Thus, for steem turbines, boiler plant of 
sufficient capacity is available to enable the largest 
machines in the range manufactured to be proved 
mechanically and, in those cases where electrical loads 
are required, test facilities permit handling loads up to 
about 5000 kW. A permanent test condenser is installed 
but, where necessary, machines can be run with their own 
condensers. In the case of gas combustion turbines, two 
test-beds are provided, each being capable of testing 
machines up to 10,000 hp. With regard to gas expansion 
turbines, the majority of these machines operate with 
free-piston gasifiers of the Sigma/Pescara type, each 
gasifier producing an effective 1000 hp. A total of four 
gasifiers (type GS.34) is provided in the gasifier test- 
house, making the equivalent of approximately 4000 hp 
available for test. This power is sufficient for the 
mechanical proving of the larger machines up to about 
10,000 hp. In addition, this equipment can be used when 
testing gas expansion turbines for the chemical and oil 
industries when pressure and temperature conditions 
permit. 

Research and development facilities include test cells 
for turbochargers, a mechanical laboratory, a vibration 
laboratory, and component fatigue testing on specially 
designed machines or using standard vibrators. Facilities 
are also available for the investigation of noise problems, 
including equipment for the generation, analysis, and 
recording of sound both in the laboratory and in the 
field. In addition, balancing of rotating assemblies is 
carried out on special machines, the largest of which is 
capable of handling rotors weighing up to 22,000 Ib, 
while a fully equipped metallurgical laboratory makes it 
possible to carry out metallurgical and chemical examina- 
tions of the raw materials used in the company’s products 
and to investigate any problems of a metallurgical and 
chemical nature arising during their service life. Pro- 
vision is also made for the mechanical testing of metallic 
materials and the non-destructive testing of components 
by means of magnetic crack-detection and ultrasonic 
techniques. 
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MACHINE FOR SALE 

“FROST” MOTOR DRIVEN SWING BEAM UNIVERSAL 
FOLDING MACHINE for sale. Capacity 10 ft. wide x & in 
thick. Clamping beam lifts 7 in. Size of beam in respect to 
completed trunks, 21 in. x 17 in. Power operation to both folding 
and clamping beams. Arranged motor drive suitable for 400/440/ 
3/50. Weight about 6 tons. F. J. Edwards Limited, 359 Euston 
Road, London, N.W.1. or 41 Water Street, Birmingham 3. 


WILMOT BREEDEN FELLOWSHIP 
Applications are invited for a Fellowship, to be held in association 
with the University of Birmingham. The value of the Fellowship, 
which is for a two-year term, is £1000 per annum. 
A candidate for the Fellowship should normally have had two or 
three years’ research or industrial experience. He should have an 
Honours Degree or equivalent qualification and be acceptable to 
the University of Birmingham as a research fellow. 
The Wilmot Breeden Fellow would engage in an enterprise of such 
a character as to require the facilities both of the University and 
the Company, his time being spent at both. His enterprise may 
have the character of Scientific Research, Design, Development, a 
combination of some or all of these, or in some other way to be 
appropriate to the activities of Wilmot Breeden. The Company is 
especially concerned with Mechanisms, Electro-Chemistry, Metal 
Finishing, Metallurgy, Metal Formation, Hydrzulics, Electronics. 
Full details may be obtained on application to the Secretary, 
Wilmot Breeden Fellowship Committee, Amington Road, 
Birmingham 25. 
Final applications must be received by the Secretary before Ist May 
1961. 
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How do they roll top hats? 


As section minded people are aware, “top hat” 

is just a name for one of our many thousands 

of standard sections. Our motto has always been 
“tell us the shape and we will make it’’, so whatever 
shape a designer requires we can 


; f : Sketch your section for us— 
cold roll it accurately in any quantity or length. we will quote without obligation. 


METAL SECTIONS LTD 


‘@ 


COMPANY 


OLDBURY : BIRMINGHAM Tel: BROadwell 1541 


FEBRUARY, 1961 Volume 22, No. 2. 





NEW TECHNICAL BOOKS 


Advanced Dynamics for Engineers. By Glenn L. 
Downey and Gerald M. Smith. 362 pp., 474 illustra- 
tions. Publishers: International Textbook Company, 
Scranton 15, Pa, U.S.A. Price: $9.50. 

Intended for senior-level undergraduate engineering 
students, this outstandingly well-produced book is an 
advanced presentation of engineering dynamics, in which 
emphasis throughout is laid on the derivation and 
solution of differential equations of motion, with vector 
analysis used in many cases as a rigorous and efficient 
method of analysis. The authors, who are Associate 
Professors of Engineering Mechanics at the University of 
Nebraska, write interestingly and lucidly and include in 
each chapter a considerable number of typical problems, 
of varying degrees of difficulty, selected to illustrate the 
basic principles and the application of theory to actual 
engineering problems. 

After discussing the basic concepts of the subject by 
introducing the reader to dimensional analysis, vector 
analysis, and complex vectors, the kinematics of relative 
motion, with an introduction to vector-analysis approach, 
are covered, followed by the derivation and solution of 
differential equations of motions and including such 
topics as motion in a resisting medium, the motion of 
projectiles, and the balancing of rotating and reciprocat- 
ing masses. The principles of kinetic and potential 
energy, as related to rigid and elastic two-dimensional 
systems and rigid three-dimensional systems, are then 
integrated, with Castigliano’s theorem and generalized 
co-ordinates introduced as important tools in this 
connection. The impulse-momentum approach is then 
applied to systems of constant and variable mass and 
moments of inertia, with applications in such fields as jet 
propulsion and gyroscopic motion, and Euler’s equations 
are developed in the study of motion about a fixed point. 

A considerable portion of the book is devoted to a 
study of vibrations and periodic motion in various 
systems, including those with multiple degrees of freedom. 
The theory of vibration is integrated with several basic 
principles of electrical engineering, such as integrating 
circuits, differentiating circuits, and Lissajous figures on 
an oscilloscope screen, while the analysis of periodic 
motion includes the derivation and discussion of Kepler’s 
laws in relation to planetary motion and earth satellites. 
Finally, because of the increasing use of computers, the 
basic theory of the analogue computer is discussed, 
vibration systems with specific physical quantities being 
used to illustrate computer set-up, thus acquainting 
students with magnitude scaling, time scaling, component 
selection, and potentiometer settings, and enabling 
them, if a computer is available, to be given some 
experience on computers. 


The Autodyne—A New Electrical Machine. 2nd 
edition. By Otto Benedikt. Translated by G. Téglas, 
193 pp., 130 illustrations. Publishers: Pergamon 
Press Ltd., Headington Hill Hall, Oxford. Price: 45 

As Professor Tustin, of the Department of Electrical 
Engineering, Imperial College, points out in his preface 
to this revised edition in English of Professor Benedikt’ s 
book, the Autodyne is a novel machine which “‘is a very 
distinctive new member of the broad family of rotary 
amplifiers. It has the mark of all true inventions—an 
essential simplicity. It springs from the union of a firm 
grasp of the mode of operation of a rotary converter, 
with a lively appreciation of the possibilities of ‘feed- 
back’ and gives us, with a single machine, a means to 
obtain control of any quantity that can be made to 
depend on a direct current, using the ordinary fixed 
frequency a.c. power supply as the source of energy. 
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There is no doubt that the basic idea is capable of many 
variants and of further development.” 

In this book, which is well translated and excellently 
produced, Professor Benedikt, of the Technical Uni- 
versity, Budapest, Hungary, who devised this ingenious 
new electrical machine, takes a physical-quantitative 
approach to his subject, in preference to a mathematical- 
quantitative approach, and his treatment of transient 
phenomena is deliberately restricted, enabling an 
exhaustive investigation to be made of such important 
problems as to whether the principle underlying the 
operation of the Autodyne is suitable for ensuring 
reliable functioning, whether the control afforded is 
sufficiently accurate and extends over a sufficiently wide 
range, whether its static and dynamic communication is 
sufficiently good, whether the power factor is satisfactory 
and the efficiency is high enough, whether the converter 
operation can or cannot be inverted, and whether the 
shape of the individual parts and the technology of their 
manufacture do not involve undue difficulties. 

In short, this excellent book, dealing as it does with a 
new machine of considerable industrial potential, will 
undoubtedly prove of exceptional interest and value to 
all electrical engineers and scientists. 


Engineering Drawing for Students. By Richard 
Marriott. 80 pp., 156 illustrations. Publishers: Methuen 
& Co. Ltd., 36 Essex Street, London, W.C.2. Price: 6 

Fundamentally intended as a textbook for students in 
Engineering Drawing, particularly those preparing for 
the General Certificate of Education at ““O” level and for 
other examinations of a similar standard in this subject, 
this excellent little book nevertheless covers its subject 
beyond the usual examination requirements, thereby 
giving as complete a picture as possible 

Despite its small size, the book deals with all import- 
ant aspects of the subject concisely, yet lucidly. Various 
types of projection are explained, and suggestions are 
given to help in developing the ability to make simple 
freehand drawings. The drawing exercises in machine 
parts have been arranged conveniently in groups, 
centred around particular topics, each group being 
introduced by an illustration and a very brief description 
of the engine, machine, or apparatus on which the 
exercises are based, thus enabling the student to revise 
his background knowledge and appreciate the function 
of various specific machine parts. In addition, certain 
additional topics have been included, such as the 
elementary treatment of cams and involute gear teeth. 


South African Mining and Engineering Year Book, 
1960-61. Edited by S R Potter. 835 pages. Published 
by the South African Mining Journal Syndicate, Ltd., 
Balgownie House, 66 Commissioner Street, Johannes- 
burg, South Africa. Price: 84/- 

This latest edition of the South African Mining and 
Engineering Year Book, which incorporates the Rho- 
desian Mining Year Book, constitutes a vade-mecum of 
information on mining and engineering activities in 
South Africa and Rhodesia. The emphasis is, of course, 
laid on mines and mining, with sections devoted to Rand 
mining and financial groups, independent companies, 
diamond companies, colliery companies, base-mineral 
companies, and industrial and commercial companies. 
In addition, comprehensive information is given with 
regard to the range of equipment purchased by the mines, 
to Government departments and public bodies, and to 
consulting engineers and geologists in the Union and in 
Northern and Southern Rhodesia. Other sections 
include an alphabetical list of the principal engineering 
firms in these countries, a buyers’ guide to mining and 
engineering specialities, and lists of mining, municipal, 
railway, and industrial buyers, of British and overseas 
manufacturers exporting to the Union and the Rhodesias, 
and of overseas manufacturers represented in the Union 
and Rhodesias. 
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DAVE DAVIES 


OIL FILTRATION & RECLAMATION EQUIPMENT 


Meet Dave Davies and Les Brown who head 

the Birfield-Hilco team of Oil-Filtration 

specialists—the only team of its kind and 

calibre in Britain. 

If you are concerned with any application of 
LES BROWN industrial oil filtration from ‘a teaspoon per 


minute to a million gallons or more, or down 
% WA to three microns or less’ contact the Hilco 
team now. 
he till 


They will be telling you more about them- 
selves and their new applications and equip- 
ment in subsequent issues—look out for them. 


BIRFIELD HILCO 
‘C’ SERIES FILTERS 


OIL FILTRATION AND RECLAMATION EQUIPMENT ‘R’ SERIES FILTERS 


DUPLEX FILTERS 


MEMBER OF THE Manufactured by 


INTERMIT LIMITED 000 SERIES FILTERS 


**The Hilliard Corporation’’ licensees 





BIRFIELD GROUP BRADFORD ST : BIRMINGHAM & 


FEBRUARY, 1961 Volume 22, No. 2 





LATEST INDUSTRIAL LITERATURE 


1. Steam Traps 


A range of steam traps described in a 4-page folder 
has a number of advanced design features, including 
internal trim of high-grade stainless steel, special sludge 
collection reservoir, etc. The components form a 
complete trap unit with only one moving part, the valve. 
In addition, no gaskets are used in the assembly, all 
surfaces having metal-to-metal contact. 


2. Spring Pins 

An illustrated 4-page folder contains particulars of 
self-locking spring pins made of carbon steel, corrosion- 
resistant steel, or beryllium copper. The use of the spring 
pins, which can replace cotter pins, keys, axles, hinge pins, 
pivots, etc., eliminates tapping, reaming, milling, and 
peening operations in metal assemblies. In addition, 
they can also be used for fastening nylon, bakelite, hard 
rubber, and other materials. 


3. Weldnuts 


Developed for all types of projection welding equip- 
ment, a range of weldnuts is presented in an 8-page 
brochure. The weldnuts are manufactured from high- 
quality low-carbon cold-forming steel and are eminently 
suitable for accurate and quick positioning by hand or 
mechanical means in punched or drilled holes. 


4. Solderless Terminals and Connectors 


Designed to supersede conventional wiring methods 
by a new solderless wiring technique, a range of pressure- 
type terminals and connectors is presented in an 8-page 
brochure. The connectors, which have high tensile 
strength, good resistance to corrosion, and low noise 
level, are also available with plastic insulating sleeves 
bonded to the terminals. Details are also given of a 
range of accessories and production tools, such as 
terminal stops and guides, hand tools with crimp 
ratchets, etc. 


5. Universal Hobbing Machines 


Equally suitable for small batches and long production 
runs, and providing high production rates in the manu- 
facture of a wide variety of gears, wormwheels, and 
worms, a range of universal hobbing machines is intro- 
duced in an 8-page brochure. The machines are 
designed with a built-in differential and are capable of 
cutting any number of teeth from six upwards. For the 
production of spur or helical gears, splines, serrations, 
and sprockets, either climb or conventional hobbing 
techniques can be employed without the necessity of any 
machine adjustments or attachments. 





MAIL THIS COUPON TO-DAY 
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6. Plastic Finishes 


Details are contained in an 18-page brochure of a 
wide range of plastic finishing processes, such as p.v.c. 
spray-stoving, dipping, and dip-moulding, strippable- 
lacquer spraying and dipping, polythene and p.t.f.e. 
coating, neoprene spraying, etc. The finishing processes 
provide protective and decorative coatings on a wide 
variety of materials, including ferrous and non-ferrous 
metals, wood, brick, asbestos, concrete, etc. 


7. Rolled Steel Rings 


Suitable for crane tyres, gear-wheel rims, and boiler 
angle rings, and for numerous other components in 
industrial equipment, a range of rolled steel rings is 
presented in an 8-page brochure. The rings are made of 
carbon and alloy steels with outside diameters of up to 
96 in. and with a weight range of from 4 cwt. up to | ton, 
but lighter rings can also be rolled as multiple rings, 
which are then parted on a lathe. 


8. Rotary Compressors and Exhausters 


Manufactured in pressure ranges of from 5 to 40 psi 
and with capacities of 4-5 to 1250 cfm at 0-25 to 4@ hp, a 
range of positive-displacement rotary compressors is 
presented in a 12-page brochure. The compressors, 
which are recommended for applications in plastic 
moulding, pipe pressurizing, printing, constructional and 
quarry work, water filtration and oxygenation, etc., have 
an eccentrically mounted rotor, slotted radially to carry 
a varying number of blades according to the pressures 
required. 


9. Copper and Copper-Alloy Rods and Sections 


A well-produced 48-page catalogue contains informa- 
tion on a wide range of copper and copper-alloy rods 
and sections, including high-conductivity, vacuum- 
melted and cast copper; arsenical and non-arsenical 
commercial copper; cadmium, tellurium, and chromium 
copper; high-tensile, hot-stamping, and free-turning 
brass, etc. The copper sections and rods are used for 
busbars, switchgear components, and plating electrodes, 
while the brasses are recommended for general engineer- 
ing work and for the manufacture of machined parts 
automotive components, and structural work. 


10. Worm Reduction-Gear Units 


An illustrated 58-page catalogue contains particulars 
of performance and operation of a range of worm 
reduction-gear units and information on the speed 
ranges, capacities, efficiencies, mounting arrangements, 
etc., of the gears. In addition, tables of service factors 
and load characteristics and notes on contact marking 
and wormwheel adjustment, as well as useful worm-gear 
selection charts, are included. 


11. Air-Conditioning and Refrigeration Plants 


The range of air-conditioning and refrigeration plants 
dealt with in a 32-page folder includes hermetic and 
open-type compressors and condensing units, water- 
chilling machines, evaporative condensers, centrifugal 
refrigeration machines, and self-contained air conditioners 
for various industrial applications. In addition, details 
are given of silent-running fan units and of special 
commercial and room air conditioners. 


12. Alloy Tool Steels 

Information is presented in a 32-page catalcgue on a 
range of alloy tool steels, such as hot die, tungsten, 
chrome, and oil-hardening alloy tool steels; non- 
shrinking and nickel-chrome steels; and special cold- 
pressing vanadium and carbon tool steels. Details of 
heat treatment and composition are given, and tempera- 
ture conversion and hardness comparison tables, as well 
as notes on finishing allowances and special treatments, 
are also incorporated. 
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MACHINED IN 40 SECONDS 


The use of special Mulhead multi-drill heads 
on the Ryder Verticalauto enables drilling, 
reaming, countersinking and back-chamfering 
operations to be performed in addition to 
standard boring and facing work. 

The second operation on this Ford Brake 
Drum is completed at very high output rates 
on this 12-spindle No. 10 Ryder Verticalauto. 


VERTICALAUTO 


Thos. Ryder & Son, Limited, Turner Bridge Works, 
Bolton, England. 

Makers also of single spindle Rydermatics and Piston 
Ring Lathes. 














iT’S A WELDER’S WORLD 


AEI can supply all his welding equipment 


RESISTANCE 
WELDING 


ARC WELDING 
EQUIPMENT 


ARC WELDING 
ELECTRODES 


RESISTANCE 
HEATING 


Spot Welding (pedal or power operation) 
Projection Welding 

Seam Welding 

Roller Spot Welding 

Upset Butt Welding 

Flash Butt Welding (semi or fully automatic control) 


Metallic Arc Welding (Hand or Automatic) 
Submerged Arc Welding 

Inert Gas Arc Welding 

Atomic Hydrogen Welding 


AE! Electrodes to meet every electric welding need 


Rivet Heating 

Hot Riveting 

Wire Rope Parting and Sealing 
Tubular Sheathed Elements 
Radiant Heating 


Send us your problems 


Welding Engineers are available for consultation at AEI Offices in most parts 
of the country, and a development section is maintained at Trafford Park 
Works, where samples of most types of work may be welded. 


Welding E 


CAEI) 


ineers are available at these District Offices: Birmingham Cardiff 
lasgow Leeds London Manchester Newcastle Sheffield. 


Associated Electrical industries Ltd. 
Transformer Division Heating & Weiding Department 
TRAFFORD PARK, MANCHESTER 17 

L/wool 
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Our range of industrial engines are a_ practical 
proposition for many types of industrial equipment 
... Compressors, cranes, pumps, contracting equipment, 
earth borers, generators, railcars, welding plant, works 


trucks, tractors and conversions. Simple design, 
modern flow-line production methods and common 
interchangeable parts contribute to the low cost of 
these high efficiency engines. And remember, every 
engine is fully backed by a World-wide Parts and 





industry 


Service Organisation. Take your choice from a wide 
power range... Diesel 20 to 86 b.h.p. and Petrol 11 
to 87 b.h.p. (12-hr. rating). 


DIESEL ECONOMY—have you considered the replace- 
ment of existing power units in your equipment and 
trucks with the famous 4D Diesel engine? You'll have 
the unique advantages of economy, long-life and low 
running costs . . . plus the best service in the World! 


ka So a me 


Wherever you are, whatever your problem, 


IOOoO 


MOTOR COMPANY LIMITED - ENGLAND 
are at your service 


For further details of our 


INDUSTRIAL 
ENGINES 


and the equipment they power, 
send the coupon to your nearest Ford Dealer 
or direct to 





Please send me technical brochures of your *peTROL/ 
DIESEL Industrial Engines. The maximum B.H.P. required 

htttcdascncvas R.P.M. Also, please send details 
of the following equipment powered by your engines. 


. Telephone No. ... 


* Delete where not applicable GS$1°242 











FORD MOTOR COMPANY LTD - PARTS DIVISION (G51) - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 
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FOUR WAY FLEXIBLE COUPLING 


q OA DEI EL. =: A 


SHOCK AND VIBRATION PARALLEL MISALIGNMENT ANGULAR MISALIGNMENT END FLOAT 


Quadrifiex couplings absorb from Quadriflex couplings absorb paral- Quadriflex couplings take angular Quadriflex couplings compensate 


5 to 15 times more shock and lel misalignment up to 7: inch. misalignment up to I° for as much as ¢ inch end float. 
vibration. 


Quadriflex flexible couplings are designed for 


PEAK PERFORMANCE - LESS MAINTENANCE - GREATER FLEXIBILITY 
EASE OF INSTALLATION ; LOWER INITIAL COST 


For further information please quote Reference No. Q.9 


E.é J.DIckE 1:T)YD UNITED KIN@OOM 


FACTORIES : GLASGOW. LEEDS, 8. ACKBURN. 
HEAD OFFICE & FACTORY BRANCHES : GLASGOW. LONDON, LEEDS. 


MANCHESTER, BRISTOL. NEWCASTLE, OUNDEE, BELFAST. 


GREENHEAD WORKS, GLASGOW, S.E. OVERSEAS: 
Telephone : BRidgeton 2344 (5 lines) FACTORIES : TOTOWA, NEW JERSEY: MUSCATINE, 1OwA. 


BRANCHES : OUBLIN, AMSTERDAM, VIENNA. 
Telegrams . “GUTTAPERCHA" GLASGOW CANADIAN SUBSIDIARY : BURLINGTON, ONTARIO. 


THE NAME WHICH MEANS DEVELOPMENT IN POWER TRANSMISSION 


AGENCIES THROUGHOUT THE WORLD 





No other standard motor 
has all these features! 


@ All cast-iron exterior, the 
cowl openings meet the 
requirements of B8.S.2817 
for screen protection of 
rotating parts. 


@Non-corrodible, polyester 
resin, external fan. 


@ Drain holes with easily 
detachable piastic plugs. 


@Provision for fitting earthing 
terminal. 


@ Weatherproof type terminal 
box with 4-screw fixing. . 


@Namepiate with full details including & me 
bearing sizes and grease grades. 


CLASS ‘D’ A.C. ptors 


The newrange of ‘ENGLISH ELEC rrRic’ totally 
enclosed fan-cooled squirrel cage motors 
are interchangeable with ventilated 
motors to BS.2960 and have Class ‘E’ 
insulation for a permissible temperature 


SE rise of 65°C. For a given horsepower this 
Are you receiving the monthly means: SMALLER SIZE; LOWER WEIGHT; 


STOCK LIST? LESS COST. 
If not, write to: 


The ENGLISH ELECTRIC Co. Ltd., 
Industrial Motor Works, Bradford. 


DELIVERIES from stock 


THE NEW 


‘ENGLISH ELECTRIC 


class ‘D’ range of industrial motors 


‘Ta ENGLISH ELECTRIC Company Limiten, Enos Execraic House, Stranp, Lonpon, W.C.2- oe 


WORKS: STAFFORD ° PRESTON “° RUGBY ~ BRADFORD “ LIVERPOOL * ACCRINGTON 


DM.87B 
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FOUR WAY FLEXIBLE COUPLING 


«OA 3D ET E* T. E: A 


SHOCK AND VIBRATION PARALLEL MISALIGNMENT ANGULAR MISALIGNMENT END FLOAT 


Quadrifiex couplings absorb from Quadriflex couplings absorb paral- Quadriflex couplings take angular Quadriflex couplings compensate 


5 to IS times more shock and lel misalignment up to 7s inch. misalignment up to | for as much as ¢ inch end float. 
vibration. 


Quadriflex flexible couplings are designed for 


PEAK PERFORMANCE - LESS MAINTENANCE - GREATER FLEXIBILITY 
EASE OF INSTALLATION ; LOWER INITIAL COST 


For further information please quote Reference No. Q.9 


.é J.DiIckK 1.T)YD UNITED KINGDOM 


FACTORIES : GLASGOW. LEEDS, BLACKBURN. 
BRANCHES : GLASGOW. LONDON, LEEDS. BIRMINGHAM, 
HEAD OFFICE & FACTORY MANCHESTER, BRISTOL. NEWCASTLE, DUNDEE, BELFAST. 


GREENHEAD WORKS, GLASGOW, S.E. OVERSEAS: 
Telephone : BRidgeton 2344 (5 lines) FACTORIES : TOTOWA, NEW JERSEY: MUSCATINE, OWA. 


BRANCHES: OUBLIN, AMSTERDAM, VIENNA. 
Telegrams : “GUTTAPERCHA" GLASGOW CANADIAN SUBBIDIARY : BURLINGTON, ONTARIO. 


THE NAME WHICH MEANS DEVELOPMENT IN POWER TRANSMISSION 


AGENCIES THROUGHOUT THE WORLD 





No other standard motor 
has all these features! 


@ Ali cast-iron exterior, the 
cow! openings meet the 
requirements of 8.S.2817 
for screen protection of 
rotating parts. 


@Non-corrodiblie, polyester 
resin, external fan. 


@ Drain holes with easily 
detachable plastic plugs. 


@ Provision for fitting earthing 
terminal. 


@ Weatherproof type terminal 
box with 4-screw fixing. 


y\ 
@ Nameplate with full detalis inciuding > 


bearing sizes and grease grades. 


CLASS ‘D’ A.C. ptors 


The newrange of ‘ENGLISH ELECTRIC’ totally 
enclosed fan-cooled squirrel cage motors 
are interchangeable with ventilated 
motors to BS.2960 and have Class ‘E’ 
insulation for a permissible temperature 


ne rise of 65°C. For a given horsepower this 
Are you receiving the monthly means: SMALLER SIZE; LOWER WEIGHT; 


STOCK LIST? LESS cosT. 
If not, write to: 

The ENGLISH ELECTRIC Co. Lid., 

Industrial Motor Works, Cradford. 


DELIVERIES from stock 


THE NEW 


NGLISH ELECTRIC 


class ‘D’ range of industrial motors 


SRURNGLISH ELECTRIC Commer Lamu, Ending Sacre Heit, Sete Lctean WAiES 
WORKS: STAFFORD “© PRESTON “© RUGBY “© BRADFORD ~ LIVERPOOL © ACCRINGTON 
DM.87B 
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GANITE BYU t, 


There’s nothing quite like it 


...that’s the beauty of it 


Look at these advantages — Light as aluminium. High 

resistance to wear. Wide range of resistance to chemical attack. 
Easily machined. High thermal conductivity. Excellent heat 
radiation. Not wetted by molten metal or slags. Non-seizing. 
Self-lubricating. High resistance to thermal shock. Good mechanical 
strength at high temperatures. Good electrical conductivity. 
Available in impervious forms. Low thermal expansion. 

These properties give Morganite Carbon vast potentialities for the 
design engineer. Talk them over with our technical staff. 


The illustration shows a Reetifier Conirol Grid, a Rectifeer Anode, a Boat, a 
Bearing, two Gland Rings, a Piston Ring, a Tube and a Valve Anode — just a 
small selection of products showing the remarkable versatility of Morganite Carbon 


CARBON AND GRAPHITE — ELECTRICAL, CHEMICAL 


M Xd) R 4 A N S AND MECHANICAL; CRUCIBLES, FURNACES, 
REFRACTORIES ; RADIO PARTS SINTERED METAL 


PRODUCTS AND ELECTRIC FURNACE ELEMENTS. 


THE CARBON DEPARTMENT, 
THE MORGAN CRUCIBLE COMPANY LTD., BATTERSEA CHURCH ROAD, LONDON, S.W.11 
C58A/416 BAT: 8822 
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SMALLER 
PULLEYS 


NARROWER 
RIMS 


SHORTER 
CENTRES 


NINO 
LONG Lire 
WEDGE VEE DRIVES 
COM-PAC PULLEYS 
d stock range in preparation. 
Com-Pac Pulleys made to YOUR specification 
COM-PAC BELTS 
Heat & oil resistant (anti-static)—Collingwood quality 
Com-Pac WedgeV Drives are additional to the 
stock range of “Collingwood” Vee Rope Drives. 


K THE LOGICAL SUCCESSOR Pr Complete coupon and mail in open envelope) 
TO THE VEE ROPE Please forward details of “Com-Pac”’ to: i 


The London Shafting & Pulley Co. Ltd 


associated co'y: C 4 d Conveyor Equip Led 
: COLLINGWOOD IRON WORKS 
18-22 WORTHDOWN STREET - KING'S CROSS ~ LONDON 1 Terminus 473/.2, 6570 





oan : Position 
Luase ee eee eee ee 


war ie 
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This extremely useful attachment is suitable 

for all Crowthorn Lathes. (The illustration 

shows the unit fitted to a 10sin. Centre 

Lathe). 

Particular advantages of the Crowthorn 

attachment are as follows:- 

1. great reduction in machining times. 

Mme Colette: (ontmle(ol- Melo) @el-)o\-cloMelemie-B-) ell Me)! 
the operator. 
Flat-Vosabact-) slab -Belei-0M ol-> 4lcistileme de -eilel-) 
at rear of lathe. Front tool post can be 
used in normal way. 
round models or flat templates can be 
used as masters. 
for-V els oL- MRI T-1-10 WB (0) aS ole) a tele MB Tle Mele) eh stale! 
Evate Mate) gect-ViE-> a(-) ocl-Tibcct-Corettattales 

Me: WattojcMel-\esd-1- Me) Mt: (oles) ¢-loxmpl-me)e)t-thal-rel 
slow tapers can be machined and 
radiused forms easily copied 








CROWTHORN ENGINEERING COMPANY LIMITED 
Vaker { High Class Machine Tools for over half a centur\ 
REDDISH . STOCKPORT ENGLAND 
Phone : STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 


CL.100 
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... from the simplest washer to the most complicated gasket, all 
made from Meadowfelt—an adaptable, economical and efficient 
material available to today's engineers and designers. 


MEADOWFELT SERVES INDUSTRY 


Meadowfelt has proved to be the ideal material for oil retaining 
and sealing, air and liquid filtering, glass and metal polishing, 
acoustical insulation, anti-vibration, lubrication and many other 
purposes. Meadowfelt can be made exactly to specification, in 
any density, thickness and resilience; it can be permanently 
proofed against moth, mildew, flame and water and used in 
combination with glass, metal, wood and plastics. 


Long Meadow Technical Staff has solved many a problem and 
is at your service—why not make an appointment now for a 
representative to call? 








THE PRESSED FELT THAT DOES SO MANY JOBS SO WELL 
LONG MEADOW FELT COMPANY LIMITED - KIDDERMINSTER - A.I.D., A.R.B. and |.A. approved. Telephone 4071-2 
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BACKED BY 
MORE RESEARCH 
THAN ANY 
OTHER SCREW 


Unbrako are making screws now to take strains which 
are still drawing board calculations. That is what 


Unbrako's genuine five-year lead means to industry. 


Designers can plan ahead in the confidence that the 
fasteners they will need already exist. 

Unbrako screws are made by men with a wealth of 
experience, applying the skills of today to the needs 


of tomorrow, backed by intensive research and the 


most advanced production techniques. 


Fastenings are no problem nowadays. Unbrako indivi- 
dual product leaflets, gladly sent free on request, will 
meet most of your needs. For special projects, the 


Unbrako man will be happy to call. 


UN BRAKE O 


UNBRAKO SOCKET SCREW COMPANY LIMITED, COVENTRY. 
UNBRAKO SCHRAUBEN Gm. b. H. 


UNBRAKO STEEL CO. 


KOBLENZ 


LTD. SHEFFIELD, ENGLAND 
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TELE: 89471 





This Mirrlees KSS6 turbo-charged engine developing 
1,470 b.h.p. at 428 r.p.m. is coupled to a Brush 
alternator rated at 1,030 kW. The set was installed 
in 1956 at the mill of J. & T. M. Greeves Ltd., 
Belfast. After the engine had run about 6,500 hours 
a heat balance test at full load showed an overall 


thermal efficiency of 88°, under optimum conditions 


THERMAL achieved by Mirrlees diesel generating 
EFFICIENCY plant with “‘Latent-Heat’’ cooling and 
88 per cent exhaust heat recovery 


g, iia diesels 


By fully using the heat in the cooling water and exhaust gases, this plant not 
only provides electric power for a flax mill at low running cost, but also steam 
and hot water for process work and space heating. The Mirrlees engine runs on 
boiler fuel of 3,500-seconds Redwood No. | at 100°F. The savings due to the 
high thermal efficiency at full load and the low-cost fuel enabled the capital 
expenditure to be recovered in about 24 months. 


MIRRLEES, BICKERTON AND DAY LIMITED - HAZEL GROVE - STOCKPORT - CHESHIRE 


bes 


elephone : Stepping Hill 1000 (15 lines) A member of the Hawker Siddeley Group Telegrams : “Mirrlees, Telex, Manchester 
1E 30 
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WELDED 


: a 


PRESSURE VESSELS -\ 


in STAINLESS STEEL, MONEL, TITANIUM, 
HEAVY ALUMINIUM AND MILD STEEL 


~~ 
HE siGm OF 
coo WELDING 


We offer a production potential 
second to none for the fabrication of 
welded pressure vessels of any size 

or intricacy of design. We utilise the 
most advanced welding and inspection 
control methods and our experience 


is one hundred years young. 


Welded fabrication and fusion-welded 
pressure vessels to the requirements 

of Lloyds Class 1, A.S.M.E., A.O.T.C. 
codes and similar specifications. 


Stainless steel sphere, 2’ 8’ diameter, welded to 
Lloyds Class 1 in } plate. 


J ENKINS of Rotherham 


ROBERT JENKINS & CO. LIMITED, ROTHERHAM 


Telephone 4201-6 (6 lines) 
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Mew 


You are invited to make use of this service 
to help you in your day-to-day casting 


problems. Meehanite Specification Book 


Meehanite Casting Design 
10 Basic Rules 


Designing Meehanite Castings to 
Cut Costs 

Meehanite Casting Properties 
Meehanite Metal Selection Chart 
Meehanite for Gears 

Meehanite for Machine Tools 
Meehanite for Dies 


Meehanite in the Service of 
Industry 


The International Meehanite Metal Co. Ltd. We shall be happy to send a free 
copy on request of any of these 


Meerion House, 4 Downside, Epsom, Surrey subjects of interest to you 
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The transistor 
of power 
transmission 


rhis SpacesaVer wedge- 
belt drive transmits 

25 h.p.—in the space 

of three fingers! 


Look how SpacesaVer Wedge-belt Drives are 


already proving their worth. e r 
Scottish Agricultural Industries Ltd. of Glasgow 


were recently faced with an unusually difficult 

problem. An air blower, directly-driven by a 

25 h.p. motor, had to be stepped up in speed BETTER THAN BELTS - COMPACT AS CHAIN - GENTLER THAN GEARING 
from 1480 to 1660 r.p.m., but the shaft extension 

was only 2}”. Even so, a SpacesaVer drive of 25 h.p. capacity could be mounted. SpacesaVer 

pulleys 9” and 8” diameter (face width 2.73, boss length 1}”) and three No. 710 Beta-section belts did 

the trick. In fact, as the works’ engineers then commented, “SpacesaVer is the complete answer .. .” 


shill eaten titan. Are you using SpacesaVer drive catalogue 135/20 yet ? 


J-H-FENNER & CO-LTD-HULL 


LARGEST MAKERS OF V-BELT DRIVES IN THE COMMONWEALTH 
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Vertical or horizontal, streamlined or functional 
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This new Holroyd 24” centres motorised worm gear speed 
reducer has been designed to meet the need for a 
self-contained drive suitable for continuous use, and one 
which will look right in any surroundings. No matter what the 
application, it is possible to select from its variety of 
assemblies and mounting positions, an arrangement which 
makes it appear an integral part of the surrounding 
machinery, and not an added afterthought. 

The Verso has all the famous features of Holroyd reliability 
and high efficiency. Centrifugally cast Holfos wormwheel; 
casehardened and profile ground alloy steel worm; ball bearings 
throughout; rigid cast iron casing and oil bath lubrication 
requiring no attention over long periods. Output speeds are 
from 14 to 300 rpm. Output torques up to 750 Ib. ins. 
Standard Motors from ¢ up to 2 hp. 


roe jam 


Please write for 
catalogue V.60 which gives 
further technical information. 











JOHN HOLROYD & CO LTD - MILNROW - ROCHDALE - LANCASHIRE 
CRC B7 





FEBRUARY, 1961 Volume 22, No. 2 








PROFILING—FROM 


we 


HANCOLINE 


OXYGEN CUTTING MACHINE 
NO TEMPLATES NEEDED! 


Just how simple, how labour-saving, how time-saving has oxygen 
profiling become? You can’t know the complete answer until you've 
seen the electronic Hancoline in action. This special, streamlined 
machine, the result of 40 years of Hancock leadership in oxygen 
cutting, traces from a pencil drawing—automatically. 

It never needs templates! 

Think what a saving that means in production costs and in storage 
space! The Hancoline uses the same drawing for cuts of different 
thicknesses, and dimensional inaccuracies can be corrected instantly 
%* Fitted with Hancock roller drive - no physical contact 

%* Cut width compensation on tracer head 

The Hancoline is available with 38”, 60", 9G” and 126” cutting widths 


HANCOCK—THE FIRST NAME IN OXYGEN CUTTING 


44 


Write for full details 


HANCOCK 
& CO 


(Engineers) 
PROGRESS WAY, 
CROYDON, SURREY 
Telephone : Croydon 1908 
Cables: Hanco Croydon 
The illustration shows the 
Hancoline’ with Automatic 
Height Control Units on the 


four burners; operated by 
remote control. 
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SATURN 
Pee ARGON ARC 
ee WELDING 
EQUIPMENT 







SEIRION D.C. 


SURGE INJECTORS A.C. 


In performance and simplicity of opera- 
tion, the Saturn Mk II and Mk III 
Surge Injector Argon Arc Welding Units 
offer many advantages in the use of the 
gas shielded arc welding process — 
particularly in welding aluminium and 
its alloys. Both models are completely 
self-contained and embody fully auto- 
matic control circuits. 


Welding ranges: 


Mk Il 30-300 amps 
Mk Ill 60-600 amps 





SATURN INDUSTRIAL GASES LTD 


IA ‘ERL WOOD’ - WINDLESHAM - SURREY - Telephone: BAGSHOT 2441 





5 * Branches: SOUTHALL - GLASGOW ~- ALDRIDGE - MANCHESTER - SHEFFIELD - LYMINGTON - SUNDERL/‘.ND - THORNABY-ON-TEES 


One of three 100 MVA 220/110 KV 
Hackbridge transformers installed 
at the Chapel Street substation, Hobari, 


+ 4 
Tasmania Hydro Electric Commission. be A C 4 3 4 we j D G a 


One ee <2 <0  O On © s G e o 
WALTON-ON-THAMES - SURREY - ENGLAND 


Waltor hames 28833 (8 lines elegrams & Cables: ‘‘ Electric, Walton-on-Thames” 
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A Spiral Casing designed by Boving & Co. Ltd. 
for the Central Electricity Generating Board's 
Hydro-electric Power Station at Cwm Rheidol, Wales. 


Peter Brotherhood Ltd. have the capacity, backed 
by skill and experience, to build prototypes, 

pilot plant and full scale production machines 
for new projects or enterprises. 


PETER BROTHERHOOD LTD 


PETERBOROUGH ENGLAND 
Compressor and power plant specialists for nearly a century 
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34” O.D. 


3-20” A/C FLATS 
- TAPPED 


(/ i” # or |” BSP, 


new transparent “| 


bowl filter 


offers alternative elements 
to cover all requirements 


VAF 57 
Vokes new filter for use in }”, 3” and 4” com- , A ELEMENT 
pressed air pipelines efficiently removes abrasive * A Dr PaK 
pipe scale, other solids and corrosive moistures 
from the supply air. Alternative elements make BAFFLE 
it possible to cover all requirements. 
The standard general-purpose element is the 
VAF 57, suitable for removing average con- 
centrations of water, oil mist and grit; where 
a high degree of purity is essential however, +r ean cunian 
the use of the ‘D’ Pak is recommended. Both | PLUG & WASHER 
elements offer low resistance to flow and function 
for long periods without the need for replace- 
ment. 
Other types of element are available for special — 
applications and full details of these may be oa 


obtained from our technical sales department. Geant omeeis tame 


ONE MINUTE MAINTENANCE 
— LIFETIME PROTECTION 


Maintenance can easily be carried out by occasionally 
removing the plug at the base of the filter and draining 
off the collected moisture and impurities. The trans- 
parent bowl fitted for pressures up to 150 p.s.i. makes 
maintenance even easier by giving a clear view of 
filtering efficiency and showing when servicing is 
necessary.A metal bow! is fitted for pressures over 150 
p.s.i. and up to 250 p.s.i. 
Operating temperatures— 
Transparent Bowl type:—40'F to 120°F. 
Metal Bowl type: —40°F to 300°F, 


VOKES LIMITED - GUILDFORD : SURREY 
Telephone: Guildford 62861 (6 lines) 

Telegrams & Cables: Vokesacess, Guildford, Telex. Telex: 8-535 Vokesacess, Guildford 

Vokes Australia Pty. Ltd., Sydney Represented throughout the World 

V.515 
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1 cu maintenance \D OWN | 


1s 
In the MilTherMatic 
steam trap there are only six 
components and only one of these = 
moves — that is the valve. 
Hence, there is virtually 
nothing to go wrong 
and since all internal 
wearing parts are 
of stainless steel, 
and renewable ‘en situ’, 4 


maintenance is simple. 


Built-in versatility 
permits exceptionally 
wide operational! 
range on a wide 
variety of 
applications 

from 5 - 400 p.s.i. 


Please write for 


full details. 


the [ew revolutionary 


MIDLAND INDUSTRIES LIMITED - HEATH TOWN WORKS ~- WOLVERHAMPTON ~- Tel: 2390! 


London Office: 28 Victoria Street, $.W.!. Glasgow Office: 69 St. Vincent Street, C.2 
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A NEW SPECIALISED 
SERVICE ON 
MACHINERY FOR 
MANUFACTURING, 
FABRICATING AND 


Tahaclaareaare Nn al PROCESSING PLASTICS 
plastics 
engineering 


PUBLISHED MONTHLY NOW AVAILABLE 


International Plastics Engineering meets an urgent and 
growing need of the plastics engineer, works manager and process 
technologist. It provides a full, technically detailed information 
service on machinery for manufacturing, fabricating and processing 
plastics, dealing with these specialised subjects with a new depth 
and scope. The increasingly rapid world developments of plastics 
machinery have made a separate specialised journal essential. 


International Plastics Engineering complements the services 
of British Plastics, which maintains its broad coverage of all 
plastics developments. The new journal is similar in format, 
provides the same high quality and number of illustrations, and is 
available under an advantageous combined subscription rate with 
British Plastics. an ILIFFE journal 


from the world’s largest 
technical and trade group 


An associate journal of British Plastics 





SECURE THIS NEW SERVICE FROM THE BEGINNING SPECIAL SUBSCRIPTION RATES e 





To lliffe Industrial Publications Ltd International Plastics Engineering 


Dorset House, Stamford Street, London SE1 1 year (12 issues) 42 10 0 O 


U.S. $7.00 0 
Please enter my subscription as indicated (tick appropriate 


box on right) | enclose remittance for 





Combined subscription rate to 
British Plastics (normally £2. 12. 0d.) and 
(Please print) International Plastics Engineering 
1 year (12 issues each journal) 
Name 4400 Q 
U.S. $11.50 0 
Company 





To current subscribers to British Plastics, 
Address : International Plastics Engineering 
will cost only 
1 year (12 issues) ao 8 
U.S. $4.00 0 
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A. Coil Bobbin. Nylon A100M 
8. Bearing Arm. Nylon A100M 
C. Terminal Plate. Bakelite X20/5 HD 
D. Voltage Selector Knob. Nylon A100M 
E. Starter Wheel. ‘Welvic’ P.V.C. Medium Hard 
F. Retaining Plate. Nylon A100M 
G. Voltage Identification Plate. Melamine M4910 
The body is ided from Melamine M4910 and the 
Head Guard not shown) from Styrene Acrynitrile 





Sunbeam choose 


315 SUMMER LANE BIRMINGHAM 19 
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In 1959 we published a series of three advertisements 
giving details of our services in connection with the 
Sunbeam Shavemaster. The fact that we can now give 
details of the Sunbeam Rolimaster Electric Shaver 
speaks for itself. It is interesting to note that shavers 
assembled from mouldings produced—and tooled 
by us, are now being sold on the other side of the 
Atlantic. 


The new Sunbeam Rollmaster Electric Shaver is a 
superlative shaving instrument and _ incorporates 
mouldings in a wide variety of plastics. In fact the 
twenty-two mouldings involved required five different 
materials, each selected to do a specific job. When 
quantity production to precise limits is required, and, 
particularly, when flawless surface finish is essential, 
we have the plant, resources and technical ‘know-how’ 
to ensure complete satisfaction. May we quote for 
your next job? 


E.Elliott Ltd 


THE PLASTIC MOULDERS 
WITH THE ENGINEERING BACKGROUND 


Telephone : ASTon Cross 1156 (4 lines) 





AUTOMATIC SIZING 


Ya MERCER 
& 


4 
4 


PNEUMATIC 


GRINDING Ao “ = 
MACHINE | — << / 
CONTROL | Ee | ry 


ONE HUNDRED YEARS OF FINE MEASUREMENT 


THOMAS MERCER LIMITED i = 
— “ | 
of St. Albans, Hertfordshire. Tet i ma | 
Scottish Agents: J. F.” INANT LTD., 5 1 


EPHONE ST. ALBANS 55313 
TEN » 52 ST. ENOCH SQUARE, GLASGOW, 
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these men are on their way 


to solving their barrier problems with 


Weldmesh 


Regd. Trade Mark 


they cut it to the shape they wanted — 
it held together because it was welded together 


Weldmesh is a registered trade mark and is supplied in rolls or sheets direct to the users by the sole manufacturers: 


THE B.R.C. ENGINEERING COMPANY, STAFFORD 
London, Birmingham, Bristol, Chelmsford, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 


Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.! 
w .1007 
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TUBE EXPANDERS ~ HYDRAULIC 
FOR ALL PURPOSES a 
MACHINES 


Unique in design. Proved in 
practice. Precise pressure 
control for wide range of metals 
and sections. The blade 
commences and finishes each 
cutting stroke with reduced 
pressure, with resultant 


saving in blade wear. 


FAMOUS FOR SPEED 
ACCURACY AND RELIABILITY 





THE WICKSTEED AUTOMATIC TORQUE 
.« «++ CONTROL UNIT 





No. 12 
12” « 12” Capacity 












No. 8 
8” « 8” Capacity 
Hydramatic Machine 





As supplied to the 
Admiralty, Central Electricity 
Authority, Railways, Oil Refin- 
eries, leading Boiler Makers and industrial users. 


LEADING TUBE EXPANDER MANUFACTURERS 
FOR OVER 70 YEARS 








REGD. TRADE MARK 


a 
. te — 








SUPPLIERS TO ALL INDUSTRIES 
CHARLES WICKSTEED & CO. LTD . KETTERING - ENGLAND 


Telegraphic Address: ‘‘Wicksteed Kettering’ 
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FOUR helpful publications 


Constant research has ensured that Walpamur Industrial Finishes 

meet every requirement of modern industry, and these four free publications 
will help you to make the best possible use of this extensive range. 
CATALOGUE OF INDUSTRIAL FINISHES describes the pre-treatment of 


metal surfaces before painting and gives details of primers, fillers and stoppers, 
stoving finishes,enamels, nitro cellulose finishes etc. 


EPOXY RESIN PAINTS booklet details the complete range of FEROX 
epoxide resin based paints, including stoving, air drying, and cold cure finishes for 
many industrial requirements. 


SILICONE LEAFLET gives information about the use of silicone in heat resisting 
and water repellent paints, bonding varnishes, etc. 


INDUSTRIAL SHADE CARD shows the complete range of colours available for 
all types of finishes. 


All are obtainable free on request to: 


THE WALPAMUR COMPANY LIMITED 
DARWEN AND LONDON 





ER MAJESTY THE QUEEN 
MANUFACTURERS OF Pain 
“— WALPAMURB CO \T 


Paints, enamels, varnishes and finishes for every industrial need 
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Y Theres an wd in 
CASTING 











The skill needed to send a fly skimming 
through the air and land just in the right 
place is only acquired with experience and 
practice. The art of making good 
castings is equally a matter of skill 

and precision. We are specialists 

in the manufacture of manganese 

and aluminium bronze castings. 


We manufacture and stock large 
quantities of Chill Cast Solid and 
Cored Bars, supplied in 2ft. 
lengths or cut to customers’ re- 
quirements—no order too small 
to merit our attention. 
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NEWALL GROUP SALES LIMITED 


PETERBOROUGH PHONE: PETERBOROUGH 3227-8-9 KEIGHLEY PHONE: KEIGHLEY 4294 


A 60,000 R.P.M. electrically driven 
high speed grinding spindle pro- 
ducing 5 MM. bores at the Bracknell 
factory of 


E.M.O.INSTRUMENTATION LTD. 





A new publication... 


... OF VITAL 
INTEREST 
TO ALL 
CONCERNED 
WITH 
BRONZE 


60 pages of informative 

reading, including useful data, tables, etc., 
and fully illustrated, dealing with 
CENTRIFUGALLY CAST, CONTINUOUS 
CAST and SHELLCAST Bronze Materials; 


also FINISHED MACHINED components. Please write for catalogue H.C.60, stating your business address. 


JOHN HOLROYD & COMPANY LIMITED, 
P.O. Box No. 24, Holfos Works, Rochdale, Lancs., England. (Tel. 3155) 
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ECONOMY 
WITH 
RELIABILITY 


The 40M. Three speed and re- 
verse, constant mesh unit is 
capable of accepting up to 60 
Ib. /feet. Extremely robust, for 
very arduous conditions; suitable 
for dumpers, tractors, towing 
tugs, etc., where long periods of 
running in the indirect gears are 
required. Supplied with or with- 
out bellihousing to suit a standard 
8” Borg & Beck clutch and 5. 
S.A.E. engine mounting. Also 
supplied with reduction unit on 
the output end, giving an 
additional reduction of up to 3:1. 





P. R. MOTORS LTD. 


ALDBOURNE ROAD, COVENTRY 
Telephone: 22266/7. Telegrams: Supagears, Coventry 


SPECIALISTS iN VEHICLE GEAR BOXES SINCE 1902 
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SELF-LOCKING NUTS 





The ingenious opposing-torque cross-cuts feature of Philidas self-locking 
nuts sets up a tension which is absolutely proof against all vibration. These 
locking nuts are completely unmoved by heat changes, oil infiltration or 
Sconstant use under ever-varying stresses. They can be easily moved by a 
spanner when required. For complete details send for the latest catalogue. 


PHILIDAS DIVISION-WHITEHOUSE INDUSTRIES LTD 


FERRYBRIOGE - KNOTTINGLEY - YORKSHIRE 
Telephone: Knottingley 2323 (5 lines) Telex: 55166 
Grams: Balbearing Ferrybridge 


Offices and Stockrooms at 44 Hertford Street, London W1 Tel: HY De Park 3888 
and Countess Road, Northampton. Tel: 3766 


A SUBSIDIARY OF THE POLLARD BALL AND ROLLER BEARING CO. LTD., 





Go lo- cate gd 
imo 


You have only to consult us to reap the 














full benefit of 60 years of Ortlinghaus 
experience in the field of Power 
Transmission. We will be able to help 
you in making your choice from the 
largest range of mechanical, pneumatic, 
hydraulic and electro-magnetic 
Clutches, and to supply you with trial 
units at short notice to ensure the best 


results. 


Our drawing shows how an Ortlinghaus Series 06 
electro-magnetic Clutch with ‘“‘Sinus’’ discs was 
incorporated in the drive of a widely-used Plastic 


Extrusion Press. The high efficiency and compactness 


of the new drive resulted in substantial improvements 
in the overall design of the machine. 
In addition to Clutches, we can offer a wide range of 
Ortlinghaus pre-selective, automatic and reversing 
gearboxes of standardised design. 


Sha complet Aewwite ta 


Write or phone: 


JUXON STREET LAMBETH LONDON SE11 * RELIANCE 7201 
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POLISHED 
PRECISION 


IN SURFACE GRINDING 


High standard, accurate surface finishing are among 
Lumsden 96.L.E. Surface « the qualities attributed to the Lumsden 96.L.E. Surface 
grinding machine. 5 Grinder — (featured below). This is a high production 
fe rapid metal-removing machine, with a work table of 100 
inches in diameter and yet is capable of sensitive and 
accurate setting. 
This machine is fitted throughout with Hoffmann bearings, 
andmakes full use oftheir polished precision, dependability 
and quality, ensuring maximum efficiency 
and smoothness of operation at all times. 


HOFFMANN 


BALL AND ROLLER 


BEARINGS 


Photograph by courtesy of the 
Lumsden Machine Company Limited of Gateshead 


THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, 


TELEPHONE : CHELMSFORD 315! TELEX No. 1951, ESSEX. 
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Does it appear to ‘cock-a-snook’ at 
normal engineering practice by 
hanging together with great strength 
and without visible means of support ? 
If so, your pet products are probably 
enjoying, already, the profitable 
benefits of Birlec furnace brazing. 
Even so, you may still be surprised 
at the number of tiresome threading, 
rivetting, welding and other assembly 
operations which, with intelligent 
design, can be replaced by simple, 
strong copper-brazed joints requiring 
only unskilled assembly. 

Birlec brazing furnaces have been 
developed over many years and 
include both batch, belt-conveyor 
and roller hearth types in a range of 
sizes to suit virtually any production 
needs for automatic, flux-less, 
pressure-tight joining of steel parts. 
Ask your pet typist to send for 
further information. 


furnaces for every heat treatment 


AEI-Birlec Limited 


Tyburn Road: Erdington: Birmingham 24 


Telephone: East 1544 Telex No: 334717 


LONDON - SHEFFIELD - NEWCASTLE-ON-TYNE - GLASGOW - CARDIFF 
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THE BLUE PAGES 





@ IMPROVED DESIGN OF MAG- 
NETRON OSCILLATOR 


Magnetrons with a non-split 
cylindrical anode, i.e., of the type 
where the anode is not sub- 
divided into two or more seg- 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





ments, have long been considered 
unusable in practice, though they have recently 
gained importance as oscillators which can be 
electronically tuned. It should, however, be 
appreciated that, despite their admitted advan- 
tages, particularly with regard to their mechanical 
simplicity and the moderate magnetic field 
required, these oscillators have an inherent 
drawback in that the electronic current must be 
limited by means of the emission of the cathode 
in the saturated state. At present, use is made 
of cathodes of a pure metal, e.g., tungsten, the 
emission of which can be adjusted as a function 
of temperature. Quite apart from the rather low 
efficiency of such cathodes, they require, for the 
maintenance of the current at a fixed value, some 
means of automatic regulation which is not only 
complicated, but also of somewhat questionable 
effectiveness, especially in the case of magnetrons 
with an external electrode. 

To overcome these drawbacks, an improved 
design of magnetron with a non-split anode 
has been patented, using a conventional oxide- 
coated cathode, if desired. The new magnetron 
contains two elementary structures, ie., a 
cathode structure and an interaction structure, 
both structures being coaxial and mounted in 
the same magnetic field. The cathode structure 
is a magnetron-diode consisting of a cathode and 
an anode, the only purpose of this structure 
being to produce electrons which will pass into 
the interaction structure. The interaction 
structure is a magnetron which, in lieu of the 
cathode, contains a non-emissive electrode 
carried at a potential substantially the same as 
that of the cathode in the cathode structure. 
The non-emissive electrode and the cathode can 
be built in one piece, and can both be arranged 
either outside or inside their respective anodes, 
which can, in some cases, also be made in one 
piece. The shape of the two anodes and/or 
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their potentials are chosen in such a way as to 
create an axial component of the electric field, 
capable of attracting electrons inside the 
interaction structure, in which the high-frequency 
energy exchange between the electrons and the 
high-frequency electric fields principally takes 
place. 


From Brit. Pat. Spec. 855,568. 
Compagnie Francaise Thomson-Houston, Paris. 


@ SYNTHETIC MATERIALS REINFORCED WITH 
ALKALI-CONTAINING GLASS FIBRES 


Various synthetic resins, particularly phenol, 
melamine, urea, or unsaturated polyester resins, 
are often reinforced with glass fibres or mineral 
fibres to obtain products of greater tensile 
strength and elasticity. However, use is made in 
most cases of so-called alkali-free glass, i.e., 
compositions in which the total percentage of 
Na,O and K 20 does not exceed 2°, in order to 
protect the resin against any alkali which may 
issue or migrate from the glass. In addition, 
such glass fibres are generally subjected to 
further treatment by applying intermediate 
layers which serve to increase the affinity or 
bonding of the fibres to the resin. 

To overcome the difficulties inherent in 
processes using alkali-free glass, a recently 
patented process is designed to provide a 
synthetic resin reinforced with fibres of an 
alkali-containing glass or mineral, with an 
alkali content between 5 and 20%, and a 
coating of an epoxide resin. Essentially, the 
process involves the application of a hardenable 
compound or composition containing epoxy 
groups to the fibres before treatment with the 
synthetic resin. In this way, alkali cannot 
escape from the glass surfaces, as the inter- 
mediate layer of epoxy resin with which they are 
coated prevents separation or migration of any 
alkali. It is stated that considerable savings can 
be obtained, inasmuch as alkali-containing 
glass fibres are appreciably cheaper than alkali- 
free fibres. Furthermore, the hardenable com- 
positions containing epoxy groups used in the 
process are well known and can be produced by 
simple methods. 

Particularly good results are obtained with 
resin-like epoxy polyesters of high molecular 
weight, such as those obtained by the conversion 
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of alkali salts of aromatic dicarboxylic acids, 
e.g., phthalic acid, with epichlorhydrin. The 
amounts in which these epoxy compounds are 
applied to the fibres vary within wide limits, but 
at least 0-1°% by weight, based on the weight of 
the fibres, is considered necessary to achieve a 
technically useful effect, with a maximum of less 
than 10%. The surface of the glass is capable of 
binding the epoxy compositions without the 
addition of hardeners or curing agents, but, in 
general, it is considered advantageous to use 
hardeners in amounts between 10 and 30% of 
the weight of the epoxy compound. 


From Brit. Pat. Spec. No. 855,548. 
Glaswerk Schuller G.m.b.H., Wertheim, Germany. 


@ SPRAY-COATED PLATINUM RESISTORS FOR 
FURNACE HEATING ELEMENTS 


Platinum and platinum alloys are widely 
used as resistor materials for high-temperature 
electric furnaces, their high melting point and 
resistance to oxidation permitting much higher 
temperatures than are possible with the majority 
of conventional resistor materials. Because, 
however, platinum gradually volatilizes at high 
temperatures and because there is a tendency to 
slow crystal growth, with possible embrittlement 
and fracture of the metal. a new method of 
producing these electrodes has been specifically 
developed with a view to reducing or inhibiting 
these disadvantages. 


The new method is based on the discovery 
that volatilization and a tendency to embrittle- 
ment can be reduced by applying to the platinum 
resistor a flame-sprayed coating of a refractory 
oxide, such as alumina or zirconia, the resistor 


being first provided with a fine knurled, 
scratched, or etched finish. It has also been 
discovered that excellent results can _ be 
obtained if the platinum resistor is first flame- 
sprayed with platinum or a platinum alloy to an 
average thickness of between 0-001 and 0-005 in., 
prior to applying the sprayed coating of 
refractory oxide. The sprayed platinum bonds 
firmly to the previously roughened resistor 
metal and provides an ideal surface for the 
subsequent oxide coating, as the sprayed 
platinum has a high degree of surface roughness 
and many deep depressions and re-entrant 
angles. This interlayer of sprayed platinum also 
appears to help reduce stresses on the oxide 
coating, caused by the considerable difference in 
the coefficients of expansion of platinum and 
alumina or zirconia. 

It should also be noted that the flame-sprayed 
coating of platinum, when used alone on the 
surface of the resistor, is effective in reducing to 
a considerable extent the rate of volatilization. 
Also, for reasons which as yet cannot be 
explained, it appears to inhibit excessive crystal 
growth on the surface of the resistor. Thus, 
FEBRUARY, 
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for instance, under identical test conditions, an 
untreated platinum resistor showed a 124%, loss 
by volatilization and pronounced crystal develop- 
ment, whereas a platinum-sprayed specimen 
showed a loss of only 7%, by volatilization and 
no apparent crystal development, and a sample 
which had been both platinum-sprayed and 
alumina-coated showed no loss at all. 


From Brit. Pat. Spec. 856,309. 
Norton Grinding Wheel Company Limited, England. 


@ INVESTIGATION INTO THE FLAME- 

SPRAYING OF ALUMINA ON METALS 

Of the three methods currently available for 
applying coatings to metal by particle impact, 
i.e., flame-spraying, detonation, and plasma jet, 
the flame-spraying technique offers the advant- 
ages of mobility and relative ease of operation. 
However, although the coating of parts by flame- 
spraying has been practiced for many years, the 
application of alumina by this means is a 
relatively new development. 

Experiments have shown that the strength of 
the bond formed between alumina and iron 
increases exponentially with an increase in the 
surface roughness of the substrate. In order to 
measure bond strengths, metal strips, roughened 
to various degrees by different blasting treat- 
ments, were spray-coated with alumina to a 
thickness of 0-010 +-0-002 in., and the force 
required to shear the coating from the strip was 
then determined. It was found that sprayed 
particles of alumina did not adhere to metal 
strips which had been polished, while the 
measured bond strengths for surfaces which had 
undergone severe roughening were many times 
greater than those for surfaces which had 
received only a mild roughening. Also, the 
bond strengths of coatings formed with a rod 
gun were higher than they were for those coated 
with a powder gun. 

The thermal properties of a material influence 
the flow of molten particles immediately follow- 
ing impact. Thus, when a particle strikes glass, 
it cools less rapidly than when it strikes metal, 
allowing more time for a chemical bond to 
form. The initial cooling rate of molten 
alumina from 2050 to 1800°C on glass was 
computed to be 34,000°C/sec, as against 
800,000°C/sec on stainless steel and, to indicate 
whether slower cooling would also give a 
chemical bond with metal, thereby augmenting 
the mechanical bond, tests were carried out with 
a strip of iron coated with porcelain enamel, 
which was in turn covered with a 0-0003-in. 
layer of nickel. It was found that the ceramic 
substrate effectively lowered the cooling rate of 
the sprayed particles, but bonding was not 
improved. Good bonding was obtained on 
glass, irrespective of whether the surface was 
rough or smooth, whereas on iron the bond 
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strength, as mentioned, was substantially in- 
creased by roughening the surface. These 
results suggest that the bond between the 
alumina coating and a glass substrate is largely 
chemical, whereas that formed between flame- 
sprayed alumina and metals is mainly mechanical 
in nature. 


From NBS Technical News Bulletin, U.S.A., 
December 1960, pp. 202-203. 


@ SHEET-METAL SPARK-IGNITION PETROL 
ENGINE 


A remarkable new spark-ignition petrol 
engine incorporates a cylinder-block made of 
sheet-metal stampings and has a power-to- 
weight ratio of | hp/Ilb, a recently displayed 
water-cooled four-cylinder engine of this type 
being capable of developing 175 hp and weighing 
175 lb. A brazed assembly of stainless-steel 
stampings, comprising cylinders and cylinder 
heads, water jacket, intake and exhaust ports, 
upper block pan, and spark-plug tubes, forms 
the lightweight upper block. The stampings are 
first tack-welded to retain alignment, and are 
pressed as a unit into a cast-steel hold-down 
flange. The entire block is then brazed in a 
hydrogen atmosphere in a gas or electric oven at 
2100°F. Each part is so designed that heating 
and cooling produce virtually no measureable 
distortion, despite the different coefficients of 
thermal expansion. 

The engine is available in four displacement 
sizes, ranging from 91 to 135 cu in., with 
respective power ratings from 115 to 175 hp, 
and can be converted from one size to another 
simply by replacing the crankshaft to change 
the stroke. All sizes develop maximum power 
at 6500 rpm, respond to performance improve- 
ment by the use of turbocharging, and have a 
compression ratio of 12:1, a ratio of 14:1 
being optional. Because the stainless-steel 
sheet employed to form the various block 
components can be held to a uniform wall 
thickness, the engine cools evenly without hot- 
spots. The thin-gauge metal (0-09 in.) used for 
the combustion chamber and the ports also 
dissipates heat several times faster than a cast 
block. A 0-063-in. liner is brazed into each 
cylinder to ensure low wear and long engine life. 


From Machine Design, U.S.A., 
November 10, 1960, pp. 6 and 8. 


@ NICKEL-ALUMINIUM COATINGS FOR HIGH- 
TEMPERATURE PROTECTION OF METALS 


According to a recent report, two new 
methods have been developed for producing 
nickel-aluminium coatings for the protection of 
metal sufaces at temperatures up to 1830°F. 
These coatings, which have already proved 
effective on steel, nickel, and molybdenum and 
which will probably be applicable to other 
FEBRUARY, 
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metals, are expected, because of their high 
oxidation resistance, to prove useful for many 
aero-space applications. 

In the first and more satisfactory method, 
nickel is deposited from a Watts-type bath. 
Aluminium is then deposited on the nickel 
layer at a current density of 19 to 139 A/sq ft 
from a fused-salt solution, containing a mixture 
of potassium chloride, sodium chloride, and 
cryolite, at 1290°F. At this temperature, the 
aluminium diffuses into the nickel layer as it 
deposits, thus forming the alloy. The second 
method, suitable for plating aluminium, has 
been specifically developed for parts that cannot 
withstand the high temperatures necessary to 
operate the cryolite bath. In this method 
aluminium is deposited over the nickel layer at 
320°F from a fused-salt bath consisting of 
aluminium chloride and sodum chloride. The 
coating is then alloyed with the nickel by heating 
for a few hours in air at from 930 to 1110°F. 

Steel specimens coated with nickel-alu- 
minium alloy have been tested under various 
conditions in air at elevated temperatures, in 
salt spray, and outdoors. In air at 1020°F and 
1830°F, the coatings oxidized at one-tenth of 
the rate of nickel coatings of comparable 
thickness. Panels plated from the cryolite 
bath had better resistance to salt spray. Thus, 
panels coated with 0-002 in. of nickel and 
0-0005 in. of aluminium have withstood 300 hr in 
salt-spray tests before showing rust. Also, 
thermal cycling of these panels between room 
temperature and 1020°F did not affect their 
corrosion resistance. 


From Materials in Design Engineering, U.S.A., 
November 1960, p. 10. 


@ COBALT OXIDES AS CATALYSTS FOR THE 
COMBUSTION OF EXHAUST GASES 


Among the techniques that can be con- 
sidered feasible for the purification of the 
exhaust gases of petrol engines, the catalytic 
oxidation of their noxious constituents, i.e., 
hydrocarbons and carbon monoxide, by secon- 
dary air appears to be of special interest because 
of the simplicity of its application. However, 
to be suitable for use in an afterburner, catalysts 
must be capable of withstanding the severe 
conditions to which they will be subjected in 
operation. In addition to possessing adequate 
resistance to attrition and to poisoning by lead 
compounds, they must possess a high activity 
at relatively low temperature, in order to be able 
to initiate catalytic combustion when the 
exhaust gases are at their lowest temperature, 
e.g., when the engine is idling. On the other 
hand, they must retain their high activity when 
exposed to elevated temperatures for prolonged 
periods, e.g., when the engine is fully loaded. 

Cobalt oxides have been found to offer good 
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prospects as active materials for catalytic 
afterburners, and a recent paper describes 
experiments carried out with a view to deter- 
mining the various factors which influence the 
useful life of these catalytic materials. Long- 
duration tests carried out on unsupported 
cobalt oxides, as well as on cobalt oxides 
supported by calcium aluminate, gave very 
promising results as far as conversion efficiency, 
ignition power, and resistance to lead poisoning 
are concerned. In the present stage of develop- 
ment, a useful life of at least 1000 hours can be 
expected from these materials, but further 
investigations should lead to improvements, the 
main effort being directed towards increasing 
their surface area and stabilizing it at high 
temperatures, and improving their ability to 
start conversion at low temperatures. 


From Cobalt, Belgium, 
December 1960, pp. 12-21. 


@ HOT-EXTRUSION PROCESS FOR SMALL SEC- 

TIONS 

Present-day methods of hot extrusion cannot 
be employed for the extrusion of very small 
sections. The smaller the section of the extruded 
bar, the greater is the elongation of the billet, 
and the higher must be the specific pressure 
applied to the billet in order to produce its 
deformation, so that, for a press of a given 
capacity, the maximum available specific pres- 
sure is the quotient of the effort applied by the 
press and the cross-section of the container. In 
consequence, it becomes necessary to reduce the 
diameter of the container in order to obtain a 
higher specific pressure. However, there is also 
a limitation in this respect, depending on the 
stresses which the tools are capable of withstand- 
ing, so that, for a given press and for a given 
metal and tooling, there exists a maximum 
value of product section obtainable by extrusion. 

These drawbacks are claimed to have been 
overcome by a new method of hot extrusion, 
which is based on the discovery that, by placing 
bars or tubes concentrically into a casing of a 
metal which can be more easily extruded than 
the bars or tubes, and extruding the assembly 
thus formed, it is possible to obtain a product 
in bar or tubular form of very small section. 
In the case of tubular products, very small wall 
thicknesses can be produced in this way. In 
order to prevent adhesion of the individual bars 
or tubes during the extrusion process, they can 
be subjected to a surface-oxidation treatment, 
or can be covered with vitreous lubricants, e.g., 
a paste of sodium silicate and alumina. To give 
an example of the potentialities of this method, 
a mild-steel casing of 110 mm internal diameter 
was filled with 110 rods of 18-8 stainless steel, 
9 mm in diameter and 250 mm in length. This 
assembly was then extruded, using vitreous 
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lubricants into a round “rod”’ of 9-mm diameter, 
with the result that the encased rods were 
transformed into wire having a section equiva- 
lent to round wire of 0-8 mm diameter and a 
length of 3-6 metres. The sheath could easily 
be removed by slitting, and the wires readily 
separated from each other. 


From Brit. Pat. Spec. 855,876. ; 
Comptoir Industriel d’Etirage et Profilage de Métaux, Paris. 


@ SOLID ROTORS FOR INDUCTION MOTORS 
WITH COPPER-IRON SURFACE LAYERS 


In induction motors with solid rotors wholly 
composed of iron, the magnetic screening effect 
of eddy-currents induced in the rotor serves to 
concentrate the currents over a thin surface 
layer of the core. The heating effects produced 
by these currents are effectively confined to this 
layer, so that, in certain applications, the 
heating effect of the rotor tends to limit the 
design rating of a motor of given size to a value 
determined by the thickness of this conducting 
layer. In the case of solid iron rotors with 
copper surface layers, the magnetic skin thick- 
ness is considerably greater, owing to the 
reduced permeability of the surface layer. 
However, despite the rapid distribution of the 
heating effect over the layer and a reduction in 
this effect for a given torque, the stator-field 
magnetic circuit has a high reluctance, detracting 
from the performance of the motor. 

It has now been found that, by using for the 
surface layer of the rotor a material which does 
not have the very low permeability of the non- 
magnetic copper or the relatively very high 
permeability of the iron, a desirable compromise 
can be achieved. It is for this reason that a 
recently patented process is concerned with the 
provision on the rotor of a macroscopically 
homogeneous surface layer of a mixture con- 
taining iron and at least 60%, copper. The 
layer can be applied by any suitable means, such 
as electrolytic plating, sintering, or spraying, 
the latter being the preferred technique. In 
practice, two spray guns are used simultaneously, 
one applying the copper and the other the iron 
to the surface of the rotor, the metal used being 
in the form of soft drawn wire fed at a controlled 
rate and temperature through the guns. To 
avoid brittleness and consequent cracking, the 
copper content is, as already stated, at least 
60°, rendering the surface layer more ductile, 
and the rotor is cooled by passing air through 
its interior during application of the spray. Ina 
typical application, a suitable requirement is a 
surface layer having a thickness of 0-03 in. and 
a magnetic permeability of 30, for which purpose 
the sprayed surface of the rotor contains about 
75% copper and 25%, iron. 


From Brit. Pat. Spec. 857,071 
The English Electric Co. Ltd., London, 
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High-Velocity Impact Tests with Bullets 


IN order to obtain indications of the dynamic strength of 
metals at high loading rates, the investigation described 
in this paper is concerned with specimens subjected to 
rupture tests by means of bullets fired from a gun. With 
violent tests of this type, it was not expected that more than 
exploratory assessments could be obtained. However, 
the scarcity of results in this field was considered an 
encouragement to try out this method, as the results 
obtained might well be of practical interest. 

Notched bars of the Mesnager type were used as 
impact-test specimens, the bars being hit by the bullets 
on the side opposite to the notch. Fired from a smooth- 
bere gun of 12-7 mm calibre, the bullets used were hard- 
Steel bearing balls with a mean diameter of 11°9 mmanda 
mean weight of 8-5 grams, provided with a lead jacket 
which was cast off during flight. The required velocities 
at impact (260 to 270 m/sec and 415 to 425 m/sec) were 
obtained by adjustment of the propellant charge. During 
testing, modifications were made to the procedure 
adopted and also to the shape of the specimens, with a 
view to finding the optimum test conditions. 


Preliminary Tests 


Preliminary tests were conducted for the purpose of 
determining the residual energy of the bullet after 
impact and also the energy absorbed in the impact from 
the dimensions of the impression produced in the 
specimen. This energy was then compared with values of 
impact strength obtained by means of a Charpy pendu- 
lum of 30 mkg, which was provided with a steel ball of 
the same diameter as that of the bullets, instead of the 
usual striker. 

In these preliminary tests, an annealed copper plate 
was used as a target, the impact velocities of the steel ball 
ranging from 230 down to 115 m/sec. Lower velocities 
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Vol. 52, No. 9, September 1960, 
pp. 587-600, 9 illustrations. 


could not be used because of the risk that the bullet 
might not be ejected from the gun barrel and also 
because, with the more pronounced curvature of the 
trajectory at lower velocities, it would have been difficult 
to measure the impression on the copper plate with 
sufficient accuracy. Fig. 1 shows a curve of the measured 
diameter of the impressions produced as a function of the 
impact energy of the bullet, as calculated from its impact 
velocity, and indicates the actual test results (solid 
circles). 

A correlation of these results with those obtained by 
standard tests was attempted, using a Castiello hammer 
provided with a steel bearing ball identical with those 
used in the bullet tests, i.e., of 11-9 mm diameter. These 
hammer tests were carried out with falling weights of 10 
and 15 kg at different heights to give impact energies in 
the same range as those in the bullet tests. Despite the 
great differences in impact velocity, good agreement with 
the previous tests was obtained, as shown in Fig. 1. 
The two sets of results are of particular interest, because 
they confirm Castiello’s finding that the diameter of the 
impression depends on impact energy and not on 
impact velocity for masses ranging from a few grams to 
10 or 15 kg, which is a very much wider range of variation 
than that actually investigated by Castiello. 

Additional hammer tests were then made on steel 
specimens, under the assumption that, for these speci- 
mens, the diameter of the impression also depends on 
impact energy and not on impact velocity. Specimens of 
various Brinell hardnesses (223 to 578) were prepared 
; - from a 40-mm diameter bar of a 
chrome-nickel-molybdenum | steel. 
Castiello hammer tests, using the 
steel ball and impact energies of 
20 and 25 mkg, were carried out to 
determine the relationship between 
hardness values and the diameter of 
the impression produced, and the 
results are given in Fig. 2. Bearing 
in mind that, in Fig. 1, the curve 
is virtually linear in the range be- 
tween 20 and 25 mkg, Fig. 2 can be 
redrawn to give the relationship 
between the diameter of the im- 
pression and impact energy for 
different hardness values (Fig. 3). 
Also, although the results in Fig. 3 
are based on the Castiello hammer 
test with low impact velocities, it 
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Fig.3. Diameter of impressions produced on steel specimens as 
a function of impact energy, for various Brinell hardnesses, 
on the results given in Fig. 2. 
would appear from Fig. 1 that they are also valid for 
high-velocity impacts. 

Because, in bullet impact tests, rupture of the speci- 
men is obtained with a steel ball instead of with a striker, 
as in the standard Charpy test, it was decided to carry 
out additional comparative experiments with a Charpy 
pendulum of 30 mkg, which was provided first with a 
striker and then with a steel ball of 11-9 mm diameter, 
i.e., of the same type and size as the steel bullets. Close 
agreement between these two types of Charpy tests was 
obtained. Various types of alloyed and unalloyed steels 
of different hardnesses were tested, and it was found that 
the diameter of the impression in the specimen (which 
could be measured with considerable accuracy in these 
pendulum tests) was not strictly related to the hardness 
of the steel but also depended on the impact strength 
{mkg/cm?]. This finding may be worth further 
examination in a future programme. 


Hi acho | Rupture Tests on Simply 
upported Bars 

Tests were carried out on simply supported notched- 
bar impact specimens, with bullet velocities of 260 to 
270 m/sec and 415 to 425 m/sec, corresponding to 
impact energies of 30 and 75 mkg. After rupturing the 
specimen, the spherical bullet struck a copper plate, on 
which it produced an impression. From the diameter of 
this impression and the curve given in Fig. 1, it was 
possible to determine the residual energy after impact; 
this energy was then subtracted from the initial energy of 
the bullet, in order to obtain the total energy expended 
in the rupture of the specimen. This energy, divided by 
the initial rupture cross-section of the Mesnager speci- 
men, was regarded as the high-velocity impact strength 
Ky of the specimen. 

This Ky-value obviously is only an indicative quan- 
tity, since it is far from the value of energy per unit 
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area effectively required for rupture of the specimen. 
There are various other factors in the test which cause 
absorption of energy, i.e., the impression produced by 
the bullet in the middle section of the specimen, the violent 
separation of the two halves of the test bar (this energy 
loss is considerable, since it occurs at high velocity), the 
impression produced on the two halves by the supports, 
and other factors more or less easy to define, depending 
on the violence of the test. Moreover, the value of 
impact strength is affected by additional factors, such 
as the angle of incidence of the bullet when striking the 
copper plate (possibly producing a smaller impression), the 
deformation and reduction of the cross-sectional area 
of the specimen before rupture, etc. 

After these tests, the two fractured portions of the bar 
were joined together, and the angle of rupture was 
measured, as well as the mean diameter of the impression 
made by the bullet on the bar. 

The results of the impact tests with bullet velocities 
of 260 to 270 m/sec on steel specimens of the types used 
in the preliminary tests, and the corresponding results of 
Mesnager tests with a 30-mkg pendulum and a steel ball, 
are shown in Fig. 4. Each bullet impact test was carried 
out on three specimens, and the scatter of the test 
results (indicated by solid circles and by open circles in 
the case of tests with an appreciably deflected bullet) was 
less than expected for violent impacts of this type. The 
residual energy transferred to the copper plate was low 
(not exceeding 3-25 mkg in any of the tests); it therefore 
appears that nearly all the energy available was absorbed 
in the rupture of the specimens. 

One of the specimens, with a Brinell hardness of 302, 
was not ruptured by the bullet. The specimens with 
maximum hardness (578 Brinell) did not rupture regularly 
but broke up into several pieces, with an angle of rupture 
of between 175 and 180 deg. The angle of rupture 
decreased with decreasing hardness, reaching 150 deg. for 
the specimens with a Brinell hardness of 223. 

The curve for the Mesnager tests in Fig. 4 shows a 
minimum value of impact strength at a Brinell hardness 
of about 400 and this minimum is certainly related to 
temper brittleness. The curve for the bullet tests is 
fairly flat and shows a rising tendency only towards the 
lower values of hardness, with only a slight variation 
indicating temper brittleness. 

The dotted curve in Fig. 4 is obtained by shifting the 
curve (2) upwards in order to relate the impact energy to 
the reduced cross-section after deformation, instead of to 
the initial cross-section of the specimen. The dotted 
curve is given only as an approximation, since it is 
difficult to measure the reduced cross-sections accurately. 
The diameter of the impression varied from about 7 mm 
for the hardest specimens to about 8-5 mm for the 
softest specimens. 

An approximate estimation of the energy absorbed 
in making the impression in the bar can be attempted by 
means of Fig. 2. For example, one of the specimens, 
with a Brinell hardness of 461, had an impression of 
7-mm diameter, corresponding to an absorbed energy of 
about 21-7 mkg, whereas another specimen, of the same 
hardness, had an impression with a diameter of 7-5 mm, 
corresponding to about 27 mkg. The difference of about 
5 mkg between the two tests shows that deformation 
energy cannot be defined from the impression in the 
specimen. It is, however, a high proportion (certainly 
greater than 50%) of the total energy absorbed by the 
specimen in high-velocity impact tests. Consequently, 
for practical purposes, it is preferable to quote the 
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overall energy absorbed by the specimen, instead of the 
energy required for rupture. 

The second series of tests, with bullet velocities of 
415 to 425 m/sec, was carried out on specimens of a 
chrome-silicon-manganese steel. The specimens, taken 
froma forged steel bar of 40-mm diameter, were reheated 
to various tempering temperatures in order to obtain a 
wide range of hardness values and Mesnager impact 
strengths. The results of the bullet impact tests at 
420 m/sec (with a bullet impact energy of 75 mkg) and 
of the Mesnager tests with a ball-ended Charpy pendulum 
of 30 mkg, are shown in Fig. 5. 

The curve for the bullet tests again shows very little 
variation in absorbed energy, despite the range of 
hardness values investigated. In all these tests, the 
residual energy did not exceed 8-6 mkg; thus, even more 
so than in the previous tests, practically all the available 
energy was absorbed in the rupture of the specimen. 
The test points of the high-velocity impact tests in Fig. 5 
show considerable scatter. The broad band of values 
thus obtained does not indicate the trend indicated by 
the Mesnager tests on specimens of the same types. The 
dotted curve (with values referred to the effective rupture 
cross-section) is even more uncertain. Finally, some 
explanation is needed for the fact that specimens with a 
Mesnager impact strength of about 2 mkg/cm®? attain a 
high-velocity impact strength of about 100 mkg/cm?. 

Further tests were carried out on a variety of other 
materials. Thus, for example, a rolled steel, with a 
U.T.S. of 43 kg/mm2, was found to have a Mesnager 
impact strength of 12 mkg/cm? (as determined with a 
ball-ended Charpy pendulum) and a_ high-velocity 
impact strength of more than 37:°5 mkg/cm? at 265 
m/sec. A wrought iron, with a U.T.S. of 28 kg/mm?, 
had a Mesnager impact strength of 1-5 mkg/cm?, as 
compared with a high-velocity impact strength of 79-2 
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Fig. 5. Impact strength as a function of the Brinell hardness of 
steel specimens, as obtained (1) by Mesnager tests, and (2) by 
bullet tests at 420 m/sec. 
mkg/cm2 at 420 m/sec, while a copper specimen had a 
Mesnager impact strength of 6:2 mkg/cm? and a high- 
velocity impact strength of 85-5 mkg/cm? at 420 m/sec. 
On the other hand, a duralumin specimen had a Mes- 
nager impact strength of just over | mkg/cm? and a 
high-velocity impact strength of only 55 mkg/cm* 
approximately at 420 m/sec. These results deserve 
careful examination, as they may yield interesting 
conclusions. In particular, the exceptionally low value 
of high-velocity impact strength recorded for the 
duralumin specimen is worth noting. 


High-Velocity Rupture Tests on Cantilever 
Specimens 


For high-velocity rupture tests on cantilever speci- 
mens, notched test-bars of the true Mesnager type were 
made, with the exception that one end was enlarged to a 
square section with sides of 20 mm and a thickness of 
10 mm. This end was left free, the other end being 
clamped in a vice. In a preliminary series of tests, this 
square-section head was provided with a cover-plate of 
hard steel, 10 mm thick, designed in such a way that it 
could be fitted over the head of the specimen, the bullet 
striking this plate at the centre of the square section of 
the specimen. 

With this arrangement, it was hoped to obtain 
ruptured sections which would be unaffected by the 
impression of the bullet, and also impressions on the 
cover-plate which could be measured with sufficient 
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accuracy. In these tests, however, even with specimens 
of moderate impact strength, it was found that the 
specimens were bent but not ruptured, while the cover- 
plate was ripped off the supporting square section by the 
bullet, which at the same time was deflected upwards 
through angles of up to 20 deg., owing to the much larger 
mass of the head and the cover-plate. Moreover, the 
impression of the bullet on the cover-plate had ill- 
defined edges, so that the measurements of diameter were 
even less accurate than they were previously. 

A second series of tests was therefore made on 
square-ended cantilever specimens without the cover- 
plate. In these tests, the specimens ruptured, but the 
ill-defined edges of the impression in the square section 
were again unsuitable for accurate measurements with 
bullet velocities of 415 to 425 m/sec. It is probable that 
with velocities of 260 to 270 m/sec, more accurate 
measurements of impression diameter could have been 
obtained, but the reduced impact energy might not 
perhaps have been sufficient to produce rupture with 
this type of specimen. Although fewer tests were made 
than with the simply supported specimens previously 
used, the results obtained nevertheless seemed to con- 
firm the previous findings. 

A third series of tests was then carried out on square- 
ended cantilever steel specimens. In these tests, the vice 
gripping the clamped end of the bar section could be 
rotated to any prescribed position about an axis parallel 
to the face of the square section, so that the angle of 
impact between the bullet and the square section could 
be varied. In this way, with a number of identical speci- 
mens set up at different angles but subjected to impacts 
with the same bullet velocity, it was possible to determine 
the limiting angle of rupture. 

This limiting angle of rupture was used to calculate 
the relative impact energy, which was regarded as the 
total energy expended in the rupture of the specimen. It 
was therefore no longer necessary to measure residual 
energies from impressions on copper plates, as men- 
tioned previously, and at the critical angle of rupture no 
additional loss of energy resulting from the violent 
separation of the sections of the bar needed to be taken 
into account. 

This arrangement was found satisfactory, though in 
nearly all cases there was a slight twist of the ruptured 
bar because the point of impact of the bullet did not 
usually lie exactly on the vertical centre-line of the 
specimen. Thus, rupture was not due to pure bending 
only but included a torsional deformation. In these 
tests with oblique impact, the impression in the specimen 
was no longer a spherical segment but an oblong groove, 
and no attempt was therefore made to measure its 
dimensions. 

Typical of the results obtained in this third test series 
are those noted for a 0-11°% carbon steel, for which the 
Mesnager impact strength K was 14-14 mkg/cm2, while 
the high-velocity impact strength Ky was about 37 
mkg/cm? at 265 m/sec and 50 mkg/cm2 at 420 m/sec, 
with a limiting angle of rupture a at 420 m/sec of 57:5 
deg. Similarly, in the case of a 0-46% carbon steel, the 
value of K was 6-63 mkg/cm2, with a Ky-value of 27 
mkg/cm® at 265 m/sec and 35 mkg/cm? at 420 m/sec, 
with a = 72-5 deg. at 420 m/sec. The values, in the case 
of a chrome-nickel-vanadium steel, were K = 17-67 
mkg/cm?, with Ky = 37 mkg/cm? at 265 m/sec, and 
56°8 mkg/cm? at 420 m/sec, with a = 49-5 deg. at 
420 m/sec. 

This method gives sufficiently accurate measurements 


76 


of high-velocity impact strength, because the limiting 
angle of rupture is well defined, and also because less 
energy seems to be dissipated by secondary factors in 
oblique impacts. These oblique-impact tests confirm 
the previous findings that the high-velocity impact- 
strength values at 420 m/sec are higher than those at 265 
m/sec, and that both are much higher than the corres- 
ponding values of impact strength on Mesnager speci- 
mens, using a Charpy ball-ended pendulum and similar 
impact energies. 


Theoretical Considerations 


In an attempt to interpret the test results given above, 
it is useful to recall the laws governing impact phenomena 
which, for simplicity, assume an infinitely short impact 
with no vibrations. If mm: and me are the masses, and 
v1 and ve their respective velocities (with v2 = 0), the 
energy Ep dissipated by permanent plastic deformations 
during impact is 


Ep = 4 (1—K?) mvi? 


where m= mume/(m: + me) and k is the impact 
coefficient (equal to unity for perfectly elastic bodies). 
The impact energy converted into elastic strain energy 
E., reappearing as kinetic energy at the end of impact, is 


E. = 4K*mv;? 


There are different expressions for Ep and E- which 
would enable the shape of the simply supported test bar 
to be taken into account, but the above expressions are 
sufficient for qualitative assessments and show that the 
total energy E expended in the impact (and determining 
the Ky-values of the tests) is Ep + Ee, which increases 
with impact velocity, as shown in the results. However, 
the ranges within which these expressions apply are not 
defined. Impact energy is transformed first into elastic 
strain energy up to the elastic limit; when this is exceeded, 
energy is dissipated by plastic deformation up to a limit 
where rupture of the material occurs. 

When a specimen is subjected to impact, it reacts 
against load application with a “‘static’’ reaction which 
depends on its material characteristics, and a ““dynamic” 
reaction which depends on the intertia with which it 
opposes the shock wave passing through it. When the 
impact velocity is increased, the intertia opposing 
impact also increases and raises the energy-absorption 
capacity of the specimen. It is then reasonable to expect 
that the dynamic reaction will predominate over the 
static reaction at high velocities, so that the total energy 
values will tend to become the same, even for different 
materials. This agrees with the increasing flatness of the 
Ky-curves obtained from the tests with increasing 
impact velocity. 

If the static reaction decreases in relative importance 
at high impact velocities and the diameter of the impres- 
sion in the specimen is not greatly affected by velocity (as 
was observed in the tests), it can be inferred that the 
energy Ep, required for plastic deformation and rupture 
of the testpiece does not vary greatly. This is equivalent 
to saying that the expression for Ep is valid only if the 
impact does not cause rupture. These points were fully 
confirmed by dynamic tensile rupture tests made by 
Mann, who found that the energy required for rupture 
remains unchanged up to a critical value of velocity, 
beyond which it decreases appreciably. 

It can therefore be assumed that, if the value of Ep 
does not vary greatly, it is the elastic strain energy E, that 

(Concluded on page 86) 
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Experimental Determination of Flow Patterns in 
Centrifugal Pumps 


EXPERIMENTAL investigations are of particular importance 
in the design of centrifugal pumps, because the effects of 
viscosity are not easily taken into account in calculations. 
However, an experimental study of flow in impellers also 
gives rise to considerable difficulties, and the object of 
this paper is therefore to present an improved method of 
determining flow conditions, with examples of the 
measured results. 


Flow Conditions in an Impeller 


In this investigation, a centrifugal pump (Fig. 1), 
fitted with an impeller having blades of simple curvature, 
was used. The pump, with a volute casing and no 
diffuser, had a nominal capacity at 1450 rpm of 72 m*/hr 
with a head of 9-5 m of water. Air, however, was used 
as the working medium, as it was considered that the test 
results could be converted to operation with water, 
because of the small relative velocities involved, and 
despite the difference in Reynolds numbers. 

The direction of relative flow was first measured 
photographically at 52 positions in a passage of the 
impeller, after which measurements were made of the 
static pressure at these 52 positions through holes in the 
impeller wall and also of the total pressure at these 
positions by means of Pitot tubes whose positions were 
adjusted in accordance with the directions of relative 
flow first determined. 

Various methods of obtaining flow patterns have been 
described by several investigators, some of whom have 
used open impellers with a vertical shaft and a free water 
surface at low running speeds, while others have obtained 
flow patterns by means of chalk preparations or by 
changes in the appearance of painted surfaces, and still 
others have used small tags or pennants to provide visual 
indications of flow. However, as none of these procedures 
seemed suitable for use in this 
particular investigation, three 
methods, involving respectively the 
use of incandescent particles, sooty 
gas flames, and smoke trails, were 
tried out. 

In the  incandescent-particles 
method, finely powdered charcoal 
was fed from a mechanical vibrator 
into a gas flame. The resulting 
incandescent particles were aspirated 
by the pump and their relative 
trajectories recorded photographic- 
ally. This method gave good 
photographs of the paths followed 
by the incandescent particles but, 
owing to inertia effects, the trajec- 
tories deviated from the true flow 
lines of the working medium. 

In the method using a sooty gas 
flame, a long flame of town gas, pro- 
ducing a considerable amount of soot, 
was directed into the suction side of 
the pump, where it was deflected 
through 90 deg. as a result of the flow, 
sucked through the impeller, and 
photographed in the same way as in 
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Because of the non-uniform temperature distribution, 
which would have been very difficult to determine, this 
method did not produce results suitable for numerical 
evaluations. In a modification of this method, small 
nozzles were introduced into the measuring channel, 
with orifices perpendicular to the direction of flow, town 
gas being supplied to these nozzles through the hollow 
pump shaft. To minimize thermal effects, only one 
nozzle was used for each photographic record, and the 
flow in the entire channel cross-section was obtained by 
superimposing the photographs of the nozzle at various 
positions. Because of extinction of the flame, the 
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Fig. 3. Pressure distribution in an impeller passage of the pump when operating at 


rated capacity. 





Fig. 4. Relative velocity pattern in an impeller passage of the pump when operating 


at rated capacity. 
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method was applicable only at flow velocities below 
7 m/sec, and was therefore unsuitable for this investiga- 
tion. 

In the smoke-trail method, a smoke cartridge was 
electrically ignited in a closed vessel, and the smoke was 
introduced into the orifices of small tubes (1:2 mm in 
diameter) perpendicular to the impeller shroud, after 
passing through a filter and then through the hollow 
pump shaft. Illumination was provided in a plane at 
right-angles to the axis of rotation through a window in 
the casing. Photographs were taken at various radial 
distances from the pump axis, the results enabling the 
directions of relative flow to be 
determined with an accuracy of 
about +1 deg. This method was 
found suitable for flow velocities up 
to 120 m/sec, a typical example of 
the results obtained at rated capacity 
being shown in Fig. 2. 

Static pressure and total pressure 
were the next variables that had to 
be determined. Pressure measure- 
ments in rotating impeller passages 
have been carried out by various 
investigators, who have, however, 
measured only the static pressure 
and determined velocities by calcula- 
tions from energy considerations. 
These calculations have assumed an 
ideal flow without flow separation, 
so that the validity of the results is 
open to question. The procedure 
used in the present investigation 
differs from other procedures in that, 
as the directions of flow were known 
from the photographic records, it 
was also possible to determine 
exactly the total pressure and hence 
the velocity at every position in the 
passage. The total pressure measure- 
ments were first determined for 
three sections, into which the passage 
width was regarded as being sub- 
divided. In view, however, of the 
very small discrepancies between the 
results for these three sections, it was 
found that sufficiently accurate indi- 
cations could be obtained from 
measurements along the middle 
section only. 

The pressure distribution and 
relative velocity patterns thus ob- 
tained, with a nominal flow rate of 
72 m?/hr at 1450 rpm, are shown in 
Figs. 3 and 4 respectively. In 
addition, a pattern of constant- 
energy lines was determined, these 
lines representing the energy 
content per kilogram of fluid pumped 
and, as such, can be called lines of 
constant internal head. Broadly 
speaking, this pattern is fairly 
similar to the pressure pattern in 
Fig. 3, except towards the outer end 
of the underside of the blades, where 
it has the additional long and narrow 
closed contours of the relative- 
velocity pattern in Fig. 4. 
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Fig. 5 shows the results obtained, with the pump 
operated at rated capacity, at nine equally spaced 
measuring positions on the outer blade diameter (230 mm) 


and includes, in addition to curves of relative velocity W 


and static head Hstat, curves of the relative flow angle B, 
of the absolute flow velocity C, of the meridional com- 
ponent Cm of absolute velocity C, of the total head 
H =(p/y + C?/2g), where p = pressure [kg/m?] and 
yY = density [kg/m*], and of the parameter UC./g, where 
U = peripheral speed [m/sec] and C, = peripheral 
component of absolute velocity C. Similar curves are 
plotted in Fig. 6 for five equally spaced measuring 
Positions on an intermediate diameter of 175 mm, and in 
Fig. 7 for five positions near the blade inlet diameter, 
i.e., at 148 mm. 

In the case of the conditions at the outer blade 
diameter (Fig. 5), the mean value of the relative flow 
angle B is about half that of the blade angle (31-5 deg.), 
so that the absolute flow outwards is at a much steeper 
angle than might have been expected. It was found, in 
agreement with the results reported by Kearton!, that 
the direction of relative outflow velocity was not 
appreciably affected by the discharge rate, and therefore 
the loss factor (represented by the ratio of the 
peripheral component of the absolute velocity just 
beyond the passage outlet to the corresponding velocity 
at the blade-tip diameter) drops when the discharge is 
increased. 

With regard to the conditions at an intermediate 
diameter, Fig. 6 shows that the relative velocity W 
decreases nearly linearly from the suction side to the 
pressure side over the circular arc of the diameter 
considered, and also that there is a nearly linear increase 
in the static head Hstat from the suction side to the 
pressure side. In the case of the conditions near the 
blade inlet diameter (Fig. 7), the velocity distribution is 
no longer approximately linear, owing to the finite thick- 
ness of the blades and to pressure equalization. Under 
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Fig. 5. Results obtained with the pump operating at rated 
capacity at nine ing on the outer blade 
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the conditions prevailing at the outer blade diameter, 
Fig.5 shows that the maximum value of relative velocity 
W occurs on the pressure side of the blade, rising from 
position (1) to position (3), where it levels out, and then 
rising again between positions (8) and (9). As a result, in 
combination with the Coriolis forces, the main portion 
of the flow is directed towards the ope side of the 
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blade. Also, Fig. 5 shows that, owing to pressure 
equalization over the blade tips, the curve of static 
pressure Hstat has its maximum near the pressure side of 
the blade, i.e., at position (7). 

Fig. 3 indicates the positions on the suction side 
which are particularly susceptible to cavitation; it also 
shows that the highest pressure in the passage occurs 
near the pressure side of the blade, and that, at inter- 
mediate radii, the pressure along the equipotential lines 
is approximately constant. 

Fig. 4 shows that the highest relative velocity is not 
at the blade inlet, but on the underside, about midway 
along the blade. A fluid particle entering, for instance, 
near the underside of the blade will accordingly first be 
accelerated and then slowed down. At the upper end of 
the underside of the blade, the velocity pattern shows a 
region of low relative flow velocities, so that a separation 
of the relative flow evidently occurs over approximately 
the last third of the suction side, and this also leads to a 
reduction in the relative outflow angle. A particle on a 
line midway across the passage width will be subjected 
only to small changes in velocity (e.g., the line corres- 
ponding to 10 m/sec in Fig. 4), whereas on the pressure 
side, in the direction of the flow, there is a slowing-down 
action followed by an acceleration. The minimum 
velocity on the pressure side of the blade is approxi- 
mately on the same diameter as the maximum relative 
velocity on the suction side of the blade. 

As the discharge is reduced, the region of high 
relative velocities on the suction side is displaced towards 
the pressure side. With complete throttling, the flow 
conditions become unstable, i.e., either a through-flow 
or a reverse flow occurs, depending on the momentary 
position of the impeller passage relative to the volute 
casing. 

Patterns of constant-energy lines (constant internal 
head contours) showed two regions of large energy 
content, i.e., one near the dead-water region close to the 
blade tip on the underside (where, owing to the low 
relative velocity, the absolute velocity and henee its 
peripheral component are large) and the other over 
approximately the last third of the upper side of the blade, 
caused by the high static pressure in this region. The 
high imternal head in the region on the underside, 
however, has but little effect, since the meridional 
component of absolute velocity is also small in this 
region. 


Flow in the Volute Casing 


Pressure and velocity patterns in the volute casing 
were determined at five different cross-sections. As the 
casing had a rectangular cross-section, sufficient accuracy 
was obtained with measurements taken only in the middle 
section in a plane perpendicular to the pump axis, the 
distance from the tongue of the casing to the blade outlet 
diameter being 33 mm. 

The measured pressure and velocity distribution 
curves (Fig. 8) indicate approximately constant values 
only when the discharge is equal to about half the 
nominal rated value. At the outer diameter of the 
impeller, a pressure drop occurs at high discharge rates 
from the tongue towards the direction ef flow, whereas 
at low discharges a rise in pressure is obtained in this 
direction. Because of the interchange of momentum at 
the impeller outlet, and despite frictional effects, the total 
energy increases in the direction of flow. The velocity 
distribution around the impeller shows the opposite 
trend. From these results, it can be concluded that 
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non-steady flow conditions exist in the blade passages of 
pumps with volute casings.?:*:+- 

The arrangement of the glass window in the inner 
impeller shroud made it necessary to extend the 
diameters of both shrouds beyond the outlet diameter of 
the blades, and this probably had an appreciable effect 
on the exchange of momentum. With the procedure used, 
it was only possible to determine the flow fluctuations in 
the impeller passage by means of the measurements of 
pressure distribution in the volute casing. Even if 
photographs had been taken at various positions in the 
passage, they could not have been evaluated, since the 
pressures were average values over a period of time. 
Thus, only flow fluctuations at the inlet of the volute 
casing could be determined. The mean velocities over 
the impeller periphery were therefore not accurately 
evaluated, but check calculations showed that the errors 
were not unduly large. 
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These check calculations were made by determining 
the values of the discharge from Pitot-tube measurements 
in the impeller passage at different radii and comparing 
them with the discharge measured in the delivery pipe by 
means of a calibrated orifice. Agreement was found to 
be within 1%. In addition, the internal head H; was 
computed from the blade pressure, using the relation 


Hi; = (@z/Q)f4h br dr 
where @ = angular velocity, z= number of blades, 
Q = discharge rate, Ah = difference in height, b = 
channel width, r = radial distance from the inner radius 
rx, of the blade to its outer radius r2. The result was then 
compared with the integral of the energy content of the 
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flow at the impeller outlet, and agreement was again 
obtained to within 1%. 


Evaluation of Test Results 
The losses in the impeller were calculated from the 
difference between the theoretical head Hin (impeller 


power required to pump | kg/sec of fluid) and the 
internal head H;. The theoretical head is 


- 


1 
Hin acing \(UaCm — UiCou)Com do 
14:02 m 
where C*m (1/2n)/Cmdo, (integrals between the 
limits @ = 0 and 2x), C = absolute velocity [m/sec], 


g = 9-81 m/sec®, U = peripheral velocity [m/sec], and 
© = polar angle (0 deg. for the radius passing through 
the largest volute cross-section). The subscripts are 
m = meridional, u = peripheral, 0 = position at impeller 
eye, 1 = position at blade inlet, 2 = position at blade 
outlet, and 3 = position just beyond blade outlet. 

The internal head H; is determined from 


|G + =) 
aay <eed = T > Ca d 
Hi ac, | Y 22g ° 


12:02 m 


where p = pressure [kg/m?], y = density [kg/m*], and 
the integral is between the limits 0 and 2. Consequently, 
with a discharge of 72 m*%/hr, the loss of head in the 
impeller is (14-02 — 12-02) = 2 m. 

The loss in the volute casing was determined from the 
difference between the flow energy measured at the 
impeller periphery and the flow energy in the last volute 
cross-section, the resulting value being 1:40 m. In 
addition, the loss in the discharge branch, which increased 
in cross-section from 24-1 to 50:2 cm?, was computed 
from the difference in flow energy between its inlet and 
outlet sections. For a discharge rate of 72 m*/hr, this 
gave a loss of 1-12 m. 

The loss factor ¢ (equal to C3u/C2u) was calculated 
from the measured values of head and discharge 
and from the impeller dimensions. This value was 
compared with the ¢ -values determined with the aid of 
various empirical formulae 2:5: and also with a new 
formula proposed by the author, i.e., 


k 
€ 1 — — (k2U2 — We cos Be) 
where ki = 5 and ke = 1 — (w/2%a), yp being the head 


coefficient and 7, the hydraulic efficiency. The empirical 
value of ke depends on the specific speed ms, and 
proposed values of ke for volute-type pumps without a 
diffuser are 0-50 for (metric) ms -values between 60 and 
80, 0-52 for ns -values betewen 80 and 130, 0-54 for n.- 
values between 130 and 150, and 0-56 for ny,-values 
between 150 and 160. 

The value of 1/e, as measured for the pump under 
investigation, was 1-78, the corresponding values being 
1-60, as determined by Eck’s formula, 1-69 by Stodola’s 
formula, 1:71 by Pfleiderer’s formula, and 1-73 by the 
author’s formula. 

The comparison was extended to six other volute-type 
pumps, with specific speeds n, ranging from 66 to 159, 
for which the data were available. It appears that, for 
the examples considered, the author’s formula gives a 
somewhat closer agreement with the measured results, 
the scatter being within +3°%. 
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In addition, the resultant radial thrust F;aa, acting on 
the impeller, as a result of the non-uniform pressure 
distribution around the impeller periphery, was deter- 
mined. This thrust causes an additional load on the 
shaft and bearings, and its value was obtained from 


Fraa \ F,? T F,? 

















where F, = (y 7/180) RsBe f Hstat cos@ do 
and Fy = (yr/180) R3sBe /f Hstat sing do 
where R = radius, B = width, and y = density, the 
integration limits being from@ = 0 to 27. 
TABLE I: COMPARATIVE VALUES OF Frag AT DIFFERENT DISCHARGE 
RATES 
Discharge Rate [m*/hr] 
a 20 | 40 . ve | 97-5 
Thrust angle [deg.] 163 155 135 350 358 
Fraa (measured) 
{ke 24°5 14-8 1-7 21:3 | 32-2 
Fraa (Stepanoff) 
[kg] 33-9 31-6 19-8 0 i | 























Comparisons of the value of F;aa, as measured and as 
determined by Stepanoff’s empirical formula‘, for 
different discharge rates, are given in Table I. 
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Improving Diamond-Wheel Perfor- 
mance in Electrolytic Machining 
(Concluded from page 89) 


wear reduces. Because of initial wear, it is sometimes 
necessary to deplate the wheel a second time to 
re-establish the desired gap. Deplating should, however, 
be kept to a minimum, as excessive deplating can cause 
the diamonds to loosen from the matrix. 

Once the new diamond wheel has been run in and the 
spacers flattened to a slow-wearing condition, the wheel 
requires little maintenance. The wheel face should be 
cleaned occasionally with a pumice or abrasive stick to 
remove oxides. The rate of feeding work into the wheel 
should be such that stock removal results from optimum 
electrolytic action, rather than from the abrasive action 
of the wheel. 

Important wheel-care precautions for the machine 
operator can be summarized as follows:— 

(1) Never attempt to machine a piece when the current 
is reversed. The machine should be in reversed 
polarity only when the deplating shoe is being used. 
Avoid leaving the wheel charged when it is not 
rotating. Touching a charged wheel with a 
workpiece when the wheel is not turning will cause 
damage to the wheel. 

Maintain an ample flow of electrolyte between the 
wheel and the workpiece. Poor cutting character- 
istics and excessive arcing are indications that 
elecrolyte flow is too low. 

When these precautions are followed, optimum wheel 
life and performance should be obtained. 
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Applications of Flexible Magnets 


By A. R. GARDNER 


From Product Engineering. U.S.A., 
Vol. 32, No. 2, January 9, 1961, 
pp. 65-68, 5 illustrations. 


FLEXIBLE magnets, comprising a wide range of rubber 
or plastics matetials, magnetized in bands, strips, or 
almost any other pattern and made in a variety of sizes, 
are now available for use in many new applications. 

Rubber incorporating magnetic particles has been on 
the market for some time, but the range of elastomeric 
materials containing such magnetizable particles as 
barium ferrite is now much wider, and production 
techniques have been improved to the point where 
permanent magnets—flexible and surprisingly strong— 
can be developed. Furthermore, these materials, which 
were used at first only in closure mechanisms and 
coverings for machine pick-up rolls, are now being 
developed for products ranging from bicycles and toys 
to conveyor belts and oil filters. Electrical, as well as 
structural, applications are on the way, and new suppliers 
are entering the field. 

Many factors contribute to the design value of flexible 
magnets, which offer light weight, chemical resistance, 
and ease of fabrication that cannot be matched by any of 
the hard materials; also, in some applications, they cost 
much less, and some of the newer materials come sur- 
prisingly close to hard magnets in coercive force. 

It is possible, for instance, to obtain materials with a 
maximum energy product of 2 « 10° gauss-oersteds—a 
very respectable figure, compared with solid ceramic 
magnets. Several types have a coercive force in the 
range from 1150 to 1300 oersteds—again close to that 
of many ceramic magnets and nearly twice the figure 
given for Alnico V. Their residual induction may range 
from 1600 to 2100 gauss or more. 

Another advantage of flexible magnets is that they 
can be magnetized in a wide variety of patterns—on one 
or both sides, in crosswise stripes, or with north and 
south poles positioned along sides, edges, and corners. 
However, it should be noted that the strongest pull is 
obtained with a one-sided magnetization on the broadest 
face. In addition, although their cost varies considerably, 
it is possible to purchase 4 x % in. strip in the U.S.A. 
for as little as 10 cents per foot, and fabrication is usually 
a simple matter. 

Despite these advantages, it should be appreciated 
that flexible magnets are generally not as strong as solid 
magnets, and that their form and magnetic-flux con- 
figuration are different. As a result, they usually cannot 
be employed as direct substitutes for the solid materials. 
As a matter of fact, mere substitution would probably 
waste one of their biggest advantages, i.e., their sealing 
and gasketing action, as well as holding power. 

In general, small flexible magnets should not even be 
considered where heavy weights or strong pulls are 
involved. Most flexible magnets in thin strips will hold 
little more than half a pound, whereas a similar solid 
magnet can hold several times as much. On the other 
hand, when a fairly thick block or long strip of flexible 
material can be used, the pull can be quite considerable. 
Furthermore, in the case of configurations such as small 
rectangles, their holding power can be increased by the 
provision of a steel back-up plate. In this connection, 
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it may be mentioned that, although the insertion of a 
Steel strip does not affect the total pull of a flexible 
magnet, the holding power decreases rapidly with an 
increasing air-gap. As a typical example of the strength 
and weight of these magnets, it may be mentioned that 
the pull of one group of plastic magnetic materials 
ranges from 0-08 Ib per linear inch with zero air-gap and 
0-04 Ib per linear inch with a 0-015-in. air-gap for a 
4 = + in. strip weighing 0-05 |b per foot, to 0-69 Ib per 
linear inch with zero air-gap and 0-51 Ib per linear inch 
with a 0-015-in. air-gap for a 1} = 4 in. strip weighing 
0-37 Ib per foot. 

Because flexible magnets have a higher coercive 
force than the Alnico types, but a considerably lower 
residual flux density, they have to be made in a different 
shape to achieve comparable performance. In general, as 
compared with metallic magnets, flexible magnets must 
be considerably larger in cross-section but shorter from 
pole to pole. The difference in shape, as compared with 
ceramic magnets, will not be as great, but is still likely 
to be significant in design. 

Other problems in applying flexible magnets relate to 
the specific base material. For instance, the rubber- 
based types offer excellent flexibility, but may stiffen on 
ageing, and may lack resistance to oil. The plastics, on 
the other hand, may show only minimum bendability in 
all but the thinnest sections, and may tend to stiffen when 
cold and soften under heat. In general, none is recom- 
mended for use under load at temperatures above 175°F. 
Even where load is not a factor, temperatures above 
200°F are not recommended, since these materials also 
lose magnetic strength as temperature rises, about 25% 
being lost by the time 175°F is reached. 

Another problem with flexible magnets is that of 
extension and compression set. It might be expected 
that, under the force of closure, the rubber-based flexible 
magnets would tend to show a permanent compression 
set. Actually, in some cases at least, the reverse is true, 
flexible magnets sometimes extending or pulling out and 
preventing closure or interfering with proper mating of 
parts. One way to get around this problem is to 
incorporate the magnet in a gasket which will both hold 
the magnet and compensate for any changes in shape. 


Potential Applications 


Imaginative proponents of flexible magnetic materials 
see almost no limit to potential types and applications. 
Thus, for instance, in the Soviet Union consideration 
is being given to magnets in paste form that can simply 
be moulded to shape like modelling clay. One possible 
application of these magnets is in midget motors and 
transformers, in which the plastic parts serve as insulators 
as well as magnets, helping to reduce overall size. 
Similarly, one American supplier is working on a spray- 
able iron-powder composition which can be deposited on 
non-magnetic materials to provide a surface that will 
attract a magnet, though it may not serve as a magnet 
itself. 

Flexible magnets are being offered with a variety of 
facings and backings, e.g., paper coverings and pressure- 
sensitive adhesive. In fact, improvements in materials 
now on the market and in fabrication techniques are 
Opening up many new industrial applications. For 
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instance, the relatively low mechanical strength and 
tendency to flex-cracking of flexible magnets has limited 
their use in such applications as conveyor belting. Now, 
however, techniques are being developed for bonding a 
magnetic cover to a conventional carcass which may help 
to overcome this limitation. Bonding flexible magnetic 
strips to very thin, flexible steel backings may open up 
many design fields, providing an effective compromise 
between strength and flexibility, and making it possible 
to take advantage of the cushioning effect of the elastomer. 

Other ideas—strictly on the consumer side—might 
include belts capable of holding at any point where their 
ends overlap, small magnetic strips which can be dropped, 
fer instance, into a package of cigarettes or wrapped 
around a pencil for attachment to metal surfaces, e.g., 
the dashboard of a car, or boxes which will not spill their 
contents no matter how they are tipped. 

The availability of cheap flexible magnetic cord (in 
the U.S.A., a cord of # in. diameter costs only from 3 to 
6 cents per foot and weighs about 0-01 Ib per foot) may 
open up a wide variety of applications in the electrical 
field. Indeed, the electrical applications of flexible 
magnets are only beginning to be explored. One com- 
pany, for instance, is working on flexible circuit compo- 


nents for simple electrical devices, while another corapany 
has suggested the possibility of turning vehicle wheels 
into electrical generators by incorporating magnetic strips 
in the tyres, while yet another company is testing the 
materials for possible application in computer ““memo- 
ries.” 

One of the most promising immediate applications 
for flexible magnets is in individual closures—simple 
locks and latches—and in relief “‘valves” that will “give” 
under pre-determined pressure, and then close them- 
selves automatically when the pressure drops. Here, 
light weight and ease of fabrication are primary advant- 
ages, rather than flexibility itself. 

Flexible magnets are being used, in conjunction with 
plastic gaskets, as full-door liner-closures for refrigerators. 
However, the use of the magnet alone as both a gasket 
and a closure must still be considered as an experimental 
application, as designers have run into problems of 
discontinuity at the corners and dispersion of the 
attractive force, so that there is no single, strong pull 
at a central point, and these problems are still holding 
back several projected applications. In addition, the 
question of particle pick-up and its effects on large-size 
applications is still being evaluated. 


The Properties of Plasma-Sprayed Materials 


By M. A. LEVINSTEIN, A. EISENLOHR, and B. E. KRAMER 


WITHIN the past few years, interest in high-temperature 
technology has increased tremendously, and has been 
stimulated by the severe demand placed on materials for 
advanced ram-jets, rocket motors, and missile applica- 
tions. The objective of the investigation described in this 
paper is therefore to determine some of the mechanical 
and physical properties of a number of materials with 
melting points above 4500°F deposited by the plasma- 
spraying process. 

The materials investigated included tungsten and 
molybdenum (both in wire and powder form), tantalum 
carbide and hafnium carbide, and cerium oxide, zir- 
conium oxide, and hafnium oxide. Where applicable, 
determinations were made in the as-received, as-sprayed, 
and heat-treated conditions and included gas analyses 
(oxygen and nitrogen) and examinations of micro- 
structure and crystallographic structure. 

For spraying tungsten and molybdenum wire, the 
consumable-electrode, inert-gas unit shown schematically 
in Fig. | was used. In this gun, which is extremely simple 
in design and construction, a 0-040-in. wire is introduced 
by means of a wire-feed unit incorporating wire-straighten- 
ing rolls, the wire being directed through a wire-guide in 
one electrode. A high-frequency arc starter initiates the 
arc and, under certain conditions of operation, helps to 
maintain it. The arc is formed between the wire and the 
water-cooled nozzle and is stabilized by the flow of 
high-pressure argon gas. 

The gun can be operated with various power sources 
on either direct or alternating current. High-density 
deposits have been obtained with the wire charged 
either anodically or cathodically. The most stable 
operating conditions were achieved with the wire 
negative and when a d.c. motor-generator was used as the 
power source. The wire-feed rate could be varied 
between 100 and 450 ipm, and the current between 290 
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and 490 A. With an arc voltage of 40 V and a gas 
pressure of 50 psi, the deposition rate varied between 
2:55 kg/hr at 100 ipm and 290 A, to 11-73 kg/hr at 
450 ipm and 490 A. 
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Fig. 1. Schematic lay-out of the gun used for spraying wire. 
(1) Tungsten wire. (2) Wire drive. 
(3) Insulator (4) Front electrode. 
(5) Arc. (6) Water-cooling chamber. 
(7) Electrode and wire guide. 

The gun used for spraying powder, shown schematic- 
ally in Fig. 2, operates on the non-consumable-electrode 
arc principle. The plasma is formed in the throat of the 
water-cooled nozzle, a hole being provided approximately 
} in. from the end of the nozzle for the introduction of 
the powder. The gun is operated from two 600-A 
motor-generators and is rated at 40 kW. 

Whereas the wire gun can be operated only with 
argon, a number of plasma-forming gases can be used 
with the powder gun. Of these, it would appear that 
hydrogen would be the most suitable from the point of 
view of its high enthalpy and heating efficiency, coupled 
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Fig. 2. Schematic lay-out of the gun used for spraying powder. 
(1) Cooling-water jacket. 
(2) Plasma-forming gas. 
(3) Electrode. 
(4) Copper-alloy nozzle. 
(5) Arc. 
(6) Electrical connection and cooling-water outlet. 
(7) Plasma-gas inlet. 
(8) Electrical connection and cooling-water inlet. 
(9) Electrode adjustment. 


with its comparatively low cost. However, when hydro- 
gen alone is used as the plasma-forming gas, it has a very 
erosive effect on the nozzle, greatly reducing its life. For 
long nozzle life, a mixture of nitrogen with 10°, by 
volume of hydrogen is effective, and this mixture was used 
in much of this investigation. 


Tungsten and Molybdenum 


The tungsten and molybdenum specimens were 
prepared by spraying them on an aluminium tube of 
0-75 in. o.d., the tubular configuration being chosen 
because it permitted internal cooling during deposition. 
Aluminium was selected because it can readily be leached 
from the sprayed deposits by alkaline reagents, without 
contamination or reaction with the sprayed metals. The 
aluminium tube served as a mandrel, which was chucked 
in a lathe and rotated to ensure uniform deposition. 

For the wire-sprayed specimens, 0-040-in. wire was 
used, the wire speed being 100 ipm. In the case of the 
powder specimens, the powder-feed rate was 6 lb/hr, 
using 10 cu ft/hr of nitrogen as the powder-carrier gas. 
The plasma-forming gas, comprising a mixture of 
nitrogen with 10° hydrogen, was fed at a rate of 100 
cu ft/hr, the calculated plasma temperature being 9500°F 
with a power input to the gun of 28 kW. The distance 
of the gun from the work was between 2 and 3 in. 

The high-power operation of the powder-spraying 
equipment produced a hotter and longer flame than the 
wire-spraying equipment, and it was necessary to divert 
the plasma flame from direct impingement on the 
deposited material to prevent overheating and oxidation. 
This was effected by directing a narrow blast of air at the 
plasma after exit, the blast pressure being adjusted to 
divert the plasma without deflecting the particles. 

Under the above conditions, cylindrical specimens, 
4 in. long with a 0-300-in. wall, were produced. Removal 
from the mandrel was accomplished by leaching in a cold 
50° NaOH solution for approximately 30 min. Longitu- 
dinal sections were cut from the cylinders, and some of 
these sections were set aside for evaluation of the ‘‘as- 
sprayed” material and the balance of the sections was 
heat-treated. In all cases, the wire-sprayed specimens of 
both tungsten and molybdenum were heat-treated in 
hydrogen at 3600°F for 1 hr. The powder-sprayed 
tungsten was heat-treated at 4000°F in a vacuum for 
2 hr, while the powder-sprayed molybdenum was heat- 
treated in hydrogen for 2 hr at 2150°F and also in a 
vacuum for 2 hr at 4000°F. 
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Gas determinations for oxygen and nitrogen were 
made on both the as-sprayed and heat-treated materials. 
The results indicated that, while nitrogen pick-up was 
relatively low during the spraying operation, there was 
considerable oxygen pick-up, even though the wire was 
sprayed with argon gas. It is realized that some of this 
pick-up may have been due to oxidation of the deposited 
material while the specimen was being prepared. How- 
ever, this can only be determined if the spraying is done 
in a tank under an inert atmosphere. 

Density determinations were made on both the as- 
sprayed and heat-treated materials, using a water- 
displacement method, the accuracy of which was verified 
by comparison with accurately machined specimens by 
direct weighing. The as-sprayed densities of the wires 
were approximately 2% greater than those of the powders. 
The 3600°F sintering treatment increased the density of 
the wire-sprayed deposits by from 2:0 to 2:5°%, and the 
powder-sprayed deposits by from 1-5 to 3-6°,, as shown 
in Table I. 


TaBLe I: DENSITY AND HARDNESS OF TUNGSTEN AND 
MOLYBDENUM 








Density 
[°% theoretical } 
Material | 
As- Heat- As- Heat- 
Sprayed Treated Sprayed Treated 


Vickers Hardness 








Tungsten 
Wire 85-0-87-0 
Powder 83-0-84-0 


87-0-89-0 246-263 238-255 || 
84-5-85-5 330-390 162-200 


Molybdenum 
Wire 88-0-89-0 90-5-91°5 168-183 155-159 | 


























Powder 86°2-87-1 | 89-3-90-2 321-368 125-175 | 





Hardness values were obtained with a Vickers 
hardness tester, using a 1-kg load and specimens which 
were metallographically mounted and _ polished. 
Annealed wrought tungsten has a hardness of 375 VHN 
and annealed wrought molybdenum a hardness of 165 
VHN. The lower values obtained on the sprayed 
material (see Table 1) may be due to its porosity. 

Photomicrographs of the as-sprayed deposits of 
tungsten wire in both the unetched and etched condition 
showed that the structure was typically lamellar, with 
scattered large voids throughout the structure, as 
indicated in Fig. 3, which shows the bonding between the 
lamellar and the sub-grain structure of the individual 
platelets. In the case of the heat-treated specimens, 
however, some changes in the structure were noted, 
considerable recrystallization taking place, though there 
was still evidence of the original lamellar structure. 
The structure of the as-sprayed molybdenum wire showed 
fewer large voids than the as-sprayed tungsten wire, 
while the heat-treated specimens completely eliminated 
the lamellar structure through the mechanism of 
recrystallization and grain growth. 

The structures of the as-sprayed deposits of both 
tungsten and molybdenum in powder form were 
significantly different from those of the wire-sprayed 
materials, the lamellae being smaller and of more 
uniform size. In addition, the voids were smaller and 
were much more uniformly distributed. Their heat- 
treated structures also showed considerable differences. 
Thus, the recrystallized grain size of the powder-sprayed 
tungsten was much finer than that of the wire-sprayed 
tungsten, despite the higher heat-treatment temperature 
and the longer period involved. However, in the case of 
the powder-sprayed molybdenum deposits, these same 
heat-treatment conditions produced a massive grain 
growth, as shown in Fig. 4. 
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Fig. 3. (left) 


Electron micro- 


graph of as-sprayed tungsten 
3000) 


wire 


Fig. 4. (right) Molybdenum pow- 
der (top) as-sprayed, etched, and 
(bottom) after heat treatment 
for 2 hr at 4000°F in a vacuum 


(« 50) 


Tensile properties were determined only on the 
heat-treated materials, since the as-sprayed deposits were 
too brittle to be machined into tensile specimens. A 
button-head type of tensile specimen was used, having a 
l-in. gauge length and a 0-160-in. diameter. Even the 
heat-treated specimens needed special precautions in 
machining, very light feeds being required to prevent 
breakage. Tensile tests were carried out on the heat- 
treated specimens at room temperature and also at 
elevated temperatures, the tests at elevated temperatures 
being conducted in an evacuated capsule at an absolute 
pressure of 1 10-4 mm Hg. A head-travel rate of 0-01 
ipm was maintained during testing. 


Taste Il: Tensite STRENGTH OF HEAT-TREATED MATERIALS 








Tensile Strength [psi] at 
Material 


75°F 2000° F 3000°F | 3500°F | 4500°F 








Tungsten 
Wire 5,200 
Powder 6,700 


10,500 
15,300 7,100 3,800 1,600 


Molybdenum 
Wire 13,700 15.600 
Powder! 6,600 2,000 
Powder? 30,500 10,500 























(1) 2 hr at 2150°F in hydrogen. (2) 2 hr at 4000 F in a vacuum, 


As already mentioned, the wire-sprayed specimens of 
both tungsten and molybdenum were heat-treated for 
1 hr at 3600°F in hydrogen, while the powder-sprayed 
specimens of tungsten were heat-treated for 2 hr at 
4000°F in a vacuum, and the powder-sprayed molybde- 
num for 2 hr at 2150°F in hydrogen and for 2 hr at 
4000°F in a vacuum. The results of the tests for tensile 
strength are given in Table II, while those for a number of 
tests on yield strength, elongation, and reduction of area 
at different temperatures are given in Table III. 


Taste Ill: Yretp STRENGTH, ELONGATION, AND REDUCTION OF 
REA 








Test Tem- 
perature 
E 


2% Yield Reduction 
strength } of Area 
{psi} : {%] 


Material Elongation 








Tungsten 
Powder 4,500 1,500 30-0 
Powder 3,500 3,300 7 
Powder 3,000 5,600 8-0 


Molybdenum 
Powder! 3,000 1,700 2-0 
Powder? 2,000 5,300 23-0 24- 



































(1) 2 hr at 2150°F in hydrogen. (2) 2 hr at 4000°F in a vacuum. 


It is significant to note that the tensile strength of the 
wire-sprayed sample of molybdenum was about 50% 
higher than that of the powder-sprayed sample heat- 
treated for 2 hr at 4000°F in a vacuum, but that the 
former had no ductility. Apparently, the high sintering 
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temperature and longer heat-treating time are needed to 
impart ductility to the material. The effects of high 
sintering temperature and longer sintering are more 
pronounced on the room-temperature strength of the 
molybdenum specimens, where the 4000°F sinter for 
2 hr yielded a tensile strength of 30,500 psi, compared 
with 13,700 psi after the 1-hr heat treatment at 3600°P. 
However, this may be due, in part, to differences in the 
as-sprayed structure, since the higher tensile strength 
refers to the powder-sprayed molybdenum and the lower 
strength to the wire-sprayed molybdenum. 

X-ray diffraction studies showed the lattice parameter 
ao of the wire-sprayed tungsten to be 3-1648 A, i.e., 
identical with the ASTM accepted value for tungsten. 
The powder-sprayed tungsten had a slightly higher value 
for the lattice parameter, i.e., ao = 3-1656 A. The value 


of the lattice parameter in the case of the heat-treated 
wire-sprayed molybdenum was 3-1534 A, which is 
slightly larger than the accepted value of 3-1472 A. 


alio*n/in /oF] 


800 1200 1600 2000 
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Fig.5. Thermal coefficient of expansion « of sprayed tungsten 

and molybdenum as a function of temperature. 
Measurements of thermal expansion were carried out 
on bars of tungsten and molybdenum, 0-190 in. in 
diameter and 2-5 in. in length, from room temperature 
to 2100°F, expansion being measured with a commercial 
dilatometer. The results, showing the thermal coefficient 
of expansion a of sprayed tungsten and molybdenum, as 

a function of temperature, are given in Fig. 5. 


Hafnium and Tantalum Carbides 


The carbides selected for investigation were hafnium 
carbide, with a melting point of 7030°F, and tantalum 
carbide, with a melting point of 7010°F. The initial 
specimens were sprayed with the powder gun under the 
same spraying parameters used for spraying tungsten and 
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molybdenum powder, using a mixture of nitrogen with 
10% by volume of hydrogen as the plasma-forming gas. 
Examination of the microstructure of the deposited 
hafnium carbide showed the presence of more than one 
phase, indicating that some transformation of the 
hafnium carbide had occurred during the spraying 
operation. A similar condition was observed with the 
sprayed tantalum carbide. Before proceeding with any 
evaluation of properties, it was necessary to determine 
the nature of the transformation that had taken place. 

X-ray diffraction patterns of the as-received hafnium 
carbide and tantalum carbide powders were first studied 
to establish their purity. In each case, the patterns 
showed only the lines for hafnium carbide and tantalum 
carbide respectively. No other compounds or phases 
were detected. 

The X-ray diffraction patterns produced by the 
sprayed materials were poor in quality, owing to micro- 
strains and distortions in the lattices. By heat-treating 
the deposits at 2000°F in a vacuum, resolution was 
improved and Hf (C,N), HfOe, and Hf were detected in 
deposits from the HfC powder, and TasC and Ta in 
the deposits for TaC powder. In the latter case, no TaC 
was found in the deposit. 

From these results, it is apparent that there is some 
dissociation of the HfC and TaC at the high plasma 
temperature. This was confirmed by chemical analysis 
of the deposited materials, which showed that the 
deposited hafnium carbide contained 94:1% hafnium, 
2:92% carbon, 0-858% nitrogen, and 1-88°% oxygen, 
while the tantalum carbide contained 93-0% tantalum, 
1:12% carbon, 0-376% nitrogen, and 1:96°% oxygen. 

It should be noted that the stoichiometric composition 
of HfC is 93-6% Hf and 6-31% C, while that of TaC is 
93-77% Ta and 623% C. Apparently, there is a con- 
siderable loss of carbon during the spraying operation as 
a result of dissociation. The decomposition of the 
tantalum carbide proceeded to a much greater extent, in 
that less than 20% of the original carbon had been 
retained. The high nitrogen content (0-858°%) of the 
deposited hafnium carbide confirms the presence of the 
complex Hf (C,N), since the maximum retained nitrogen 
in the tungsten and molybdenum deposits was 0-103 °%. 
The 0-376 % nitrogen content present in the deposits from 
TaC powder would indicate that some TaN may be 
formed. The high oxygen contents in both deposits 
(1°88 and 196%) are strong evidence that HfO2 and 
TaOz are present. 

Since it was demonstrated that the nitride was being 
formed when nitrogen was used as the plasma-forming 
gas, subsequent spraying was conducted with an argon- 
hydrogen mixture to form the plasma. The patterns of 
these deposited materials were appreciably different, the 
sprayed HfC powder showing a major amount of HfC 
and minor amounts of HfOse, while the deposit from the 
TaC powder showed primarily TaC with some TaoC. 
Considerably more work is to be carried out in this area 
before fully accurate data are available. 


Cerium, Zirconium, and Hafnium Oxides 


Work on the oxides of cerium, zirconium, and 
hafnium has only recently started, and the results to date 
are rather fragmentary. It may be mentioned, however, 
that X-ray diffraction studies have been made of sprayed 
deposits of two oxides, i.e., CeO2 and ZrO. The lattice 
parameter ao of the CeOe (face-centred cubic structure) 
was found to be 5-411 A, i.e., identical with the ASTM 
accepted value, while that of the ZrOez (cubic structure) 
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was 5-123 A, as compared with the accepted value o 
5-070 A, the higher measured value in this case being due 
to the fact that 5% of CaO was added to the ZrOse for 
stabilizing purposes. 


TaBLe [V: HARDNESS AND Density oF Cerium, ZIRCONIUM 


AND HAFNIUM OXIDES 








Vickers 
Hardness 


Theoretical 
Density 
[%) 


° 


Density 


Oxide [gm/cc]} 








CeO. 168-205 
ZrOz 636-805 - 2 
HfO:2 251-313 8-39 86:8 




















In addition, Vickers hardness and density determina- 
tions have been made on CeOs, ZrOe, and HfOs, the 
results being given in Table IV. 


Conclusions 


It has been established that materials with extremely 
high melting points can be sprayed successfully with the 
arc-plasma equipment used. For the spraying of tung- 
sten and molybdenum, the powder method appears to be 
more advantageous, the powder deposits having a much 
more uniform as-sprayed structure and a finer sintered 
structure than the wire-sprayed material. Although the 
wire-sprayed deposits are more dense in the as-sprayed 
condition, no beneficial effects are apparent in subsequent 
heat treatment. In addition, the price of tungsten and 
molybdenum powders is approximately one-fifth that of 
the metals in wire form. 

Wire spraying has definite advantages in that deposi- 
tion rates are significantly higher and that the power 
requirements are considerably lower. Furthermore, the 
equipment requirements are relatively inexpensive, 
compared with the powder-gun equipment. 

Appreciable amounts of nitrogen and oxygen were 
retained in the deposits during the spraying operation. 
The nitrogen plasma-forming gas was probably the major 
source of the retained nitrogen, though some nitrogen 
was aspirated from the surrounding air. The high oxygen 
contents were due primarily to oxidation of the specimen 
during spraying and secondarily to oxygen aspirated into 
the plasma stream. To determine more accurately the 
sources of oxygen and nitrogen, it would be necessary to 
carry out the spraying in a controlled-atmosphere tank, 
and future experiments are planned under such conditions. 





High -Velocity Impact Tests with 
Bullets 


(Concluded from page 76) 

takes up most of the energy of high-velocity impact. 
This means that there is an improvement in the overall 
impact resistance of the specimen, and hence also of the 
elastic limit of the material, which is not a fixed value but 
varies with velocity. Tests by various investigators have 
amply proved this point, and have shown that, in rupture 
tests carried out with increasing rates of load application, 
the elastic limit of the material increases considerably, 
reaching values which are twice as high as the normal 
values, even at moderately increased loading rates. 

As a general conclusion, it can be said that, after due 
allowance has been made for energy losses in vibrations 
and in mounting arrangements, the present tests show the 
capacity of materials to absorb considerably increased 
quantities of elastic strain energy at very high loading 
rates. 
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Experimental Investigation into Deep-Drawing 
with Negative Clearances 


It is well known that, because of the limited degree of 
deformation obtainable in a single draft, the number of 
drawing operations in conventional deep-drawing 
processes is necessarily large, sometimes as many as from 
five to ten, and the productivity of these processes is 
therefore understandably low. The schematic arrangement 
of the two most common conventional deep-drawing 
processes with positive clearances and without substantial 
wall thinning is shown in Fig. 1, in which Fig. 1a refers 
to drawing with the use of a pressure plate or blank- 
holder and Fig. 1b to drawing without the use of a 
pressure plate. In these processes, the clearance z 
between the punch and die is either greater than or equal 
to the original thickness ¢ of the flat or cup-shaped blank, 
in which a substantial reduction in diameter is made. In 
a third conventional deep-drawing process (Fig. 2), the 
wall thickness of a cup-shaped blank is greatly reduced, 
but its internal diameter remains virtually unchanged. 


Ist STAGE 2%4 STAGE 








Fig. 1. Schematic representation of two stages of conventional 
deep-drawing without wall thinning, (a) with a pressure plate, 
and (b) without a pressure plate. 


Fig.2. Schematic representation 
of conventional deep-drawing with 
wall thinning. 











Deep-drawing with negative clearances (Fig. 3) differs 
basically from the processes mentioned above in that the 
clearance z is invariably smaller than the thickness ¢, so 
that both the original diameter of the flat or cup-shaped 
blank and the wall thickness are substantially reduced. 
Although this method has already been applied in 
practice and its advantages are fully recognized, com- 
paratively little research has been carried out on the 
subject and some of the published data contain contra- 
dictory conclusions. The object of this article is therefore 
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to summarize the results of an extensive series of 
experimental investigations carried out with a view to 
determine the optimum operational parameters for 
deep-drawing with negative clearances. 

For tests on the influence of various design factors on 
the quality of the finished components, four materials, 
with a nominal thickness of 1 mm in all cases, were used, 
i.e., aluminium containing 0-06 % iron and 0-26 % silicon; 
brass containing about 62:6% copper and 37-4% zinc; 
stainless steel containing 011° carbon, 16-72% 
chromium, 8:27% nickel, 0-49°% manganese, and 0-49°% 
silicon; and a deep-drawing steel containing 0-07 % carbon 
and 0-30°% manganese. Deep-drawing with negative 
clearances was carried out in two stages without the use 
of a pressure plate. As it is known that, when drawing 
without a pressure plate, a die with a conical entry has 
definite advantages over a die with a radiused entry, 
since the drawing force P is reduced and the degree of 
drawing is increased, a cylindrical die, 50 mm in diameter, 
with a conically shaped entry was used in all tests, in 
which the drawing ratio, the thickness of the material, the 
die lubricant used for each particular material, and the 
drawing speed were taken as constants. The parameters 
were the apex angle of the conical part of the die, the 
transition radius between the conical and cylindrical 
sections of the die, the height of the cylindrical part of the 
die, the tip radius of the punch, and the clearance between 
the punch and die. 











Fig.3. Schematic representation of deep-drawing with tive 
clearances, using (a) flat blanks and (b) cup-shaped bianks. 

Two series of tests were carried out in each case. In 
the first of these (Fig. 3a) flat blanks, 87 mm in diameter 
and | mm in thickness, were deep-drawn with the 50-mm 
punch, the drawing ratio therefore being about 0-55. 
In the second series of tests (Fig. 3b), cup-shaped blanks 
were used, these blanks having already been preformed 
to 64 mm diameter from flat blanks of 113 mm diameter 
and | mm thickness, the final drawing ratio therefore 
being 0-75. 

In order to find the optimum apex angle for the 
conical part of the die, ten dies with apex angles ranging 
from 15 to 90 deg. were tested, the average ratio of 
clearance to thickness z/ft being 0-8. Most of the tests on 
deep-drawing with negative clearances, using flat blanks 
were successful, except those carried out with an apex 
angle of 50 deg. for the aluminium and brass, and with 
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angles up to 35 deg. for the deep-drawing steel and 
stainless steel, because of the pronounced wrinkling 
produced on the surface of the components, the degree of 
wrinkling decreasing with increasing apex angles. 

Tests with cup-shaped blanks were also on the whole 
successful, difficulties being encountered only in the case 
of stainless-steel components, in many of which wrinkles 
and other surface defects occurred during drawing. The 
optimum apex angle for the die was found to be 60 deg. 
for deep-drawing with negative clearances in the case of 
the materials investigated and under the conditions of 
testing. With smaller apex angles, a high scrap rate 
resulted, and punches of excessive length had to be used. 

In deep-drawing processes in general, when the ratio 
of clearance to thickness z/t is reduced from a value of 
1-4 to 1, the drawing force required increases, at the same 
time causing the lower part of the cup wall to be 
Stretched; this increased drawing force has, however, 
no influence on strain-hardening of the wall or on the 
frictional force between the cup and punch. With 
further reductions in the value of z/t, account must be 
taken of increased strain-hardening of the wall from the 
bottom upwards, of increased drawing force, and of a 
certain thinning of the wall owing to friction. The 
success of deep-drawing with negative clearances depends 
largely on the relation between the maximum tensile 
strain in the wall and its strength. 
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of clearance to Ko oom z/tfor flat blanks of (1) stainless steel 
(2) mild steel, (3) brass, and (4) aluminium. 





In experiments carried out to determine the minimum 
clearances with which deep-drawing can successfully be 
carried out without damaging the dies, tests were made 
with dies having an apex angle of 60 deg. and positive 
clearances, with z/t values of 1-2 and 1, and also with 
negative clearances, with z/t values of 0-9, 0-8, 0-7, 0-6 
and 0-5. It was found that the minimum value of z/t for 
the aluminium and brass was 0-6 with flat blanks and 0-7 
with cup-shaped blanks. For the deep-drawing steel and 
stainless steel, the corresponding values of z/t were 0-7 
for flat blanks and 0-8 for cup-shaped blanks. The 
relation between the maximum drawing force P and the 
value of z/t for flat blanks is shown in Fig. 4, from 
which it can be seen that the increase in drawing force is 
comparatively small in the case of the aluminium, brass, 
and deep-drawing steel, and only in the case of stainless 
steel is it pronounced, i.e., increasing from about 6500 kg 
with z/f 1-2 to 11,500 kg with z/t = 0-7 under the 
conditions of testing. 

Tests have shown that the difference in the hardness 
of components produced with maximum and minimum 
clearances is negligible. It has also been established that 
the uniformity of wall thickness improves in the case of 
deep-drawing with negative clearances; thus, for 
instance, with a z/t value of 1-2, the difference in wall 
thickness between the bottom and top of the component 
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can be as much as 30%, whereas, with z/t values of from 
0:9 to 0-7, the wall thickness is almost completely 
uniform, though it does exceed the value of the clearance 
by from about 0-03 to 0:06 mm. This increase appears 
to be due to the elastic elongation of the die caused by 
very high surface friction and to the elastic deformation 
of the cup on leaving the die. Also, it should be noted 
that, whilst cups drawn with positive clearances have a 
slightly larger diameter at the rim than at the bottom, 
cups drawn with negative clearances have a virtually 
regular cylindrical shape. 

In another series of tests carried out to establish the 
influence of the transition radius between the conical and 
cylindrical sections of the die, dies with apex angles of 
60 deg. and z/r values of 0-7 for flat blanks and 0-8 for 
cup-shaped blanks were used, the transition radii being 
3, 6, 9, 12 and 15 mm. It was invariably found that an 
increase in the transition radius caused a considerable 
increase in the drawing force and in some cases led to the 
formation of uneven rims, owing to irregular metal flow. 
With a transition radius of 15 mm, only one out of five 
tests was successful, and in this case the drawing force 
required was 7200 kg. On the other hand, with a radius 
of virtually zero, all tests were successful, and the drawing 
force required was only 6500 kg. In this connection, a 
transition radius of zero is the theoretical ideal, and, in 
practice, the optimum radius should approach zero. 

Owing to the small thickness of the material used and 
the insignificant elastic deformation of the components, 
the friction force in the cylindrical part of the die 
represents only a small part of the drawing force, and it 
is therefore assumed that the height of the cylindrical 
part of the die exercises only a slight influence on the 
maximum drawing force involved. Experiments carried 
out with various heights of the cylindrical part of the die 
have fully confirmed this assumption, most of the tests 
being successful, except with a height of 4 mm in the case 
of brass and | mm in the case of aluminium, when cups 
could be produced only from flat blanks. It is recom- 
mended that the height of the cylindrical part of the die 
should be at least 4 mm but should not exceed ten times 
the thickness of the material to be drawn. 

In a final series of tests, it was established that, in 
deep-drawing with negative clearances, the magnitude 
of the tip radius of the punch has no influence on the 
hardness of the drawn portion of the cup or on the 
quality of the drawing operation and the maximum 
drawing force required. In the case of flat blanks, good 
results were obtained with all the materials investigated, 
using tip radii of from 0 to 10 mm and z/t values of 0-7. 
In the case of cup-shaped blanks of the deep-drawing 
steel, aluminium, and brass, satisfactory results were also 
obtained with tip radii of from 2 to 10 mm. In actual 
practice, the tip radius is generally determined by the 
requirements of the finished component, but it is 
recommended that sharp edges, i.e., using a tip radius of 
zero, should be avoided, and that tip radii of at least 
0:5 to 0-9 mm should be employed. Furthermore, if 
sharp edges have to be used, the finished component 
should be annealed. 

As a result of preliminary estimates following the 
introduction of deep-drawing with negative clearances 
into several factories, it is considered that this process 
permits considerable savings to be made in sheet material 
and reduces the number of drawing operations required 
by from 30 to 50%, the advantages of the process being 
even more pronounced in the case of components 
requiring very deep draws. 
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Improving Diamond-Wheel Performance in 


Electrolytic Machining 


ELECTROLYTIC machining is an electrochemical deplating 
process in which a low-voltage current passes through a 
conductive fluid flowing between the workpiece and the 
metal bond of a diamond wheel. As shown in Fig. 1, 
which illustrates the principle of electrolytic machining, 
deplating of the workpiece is caused by the electrolyte 
flowing between the negatively charged wheel and the 
positively charged workpiece. 

The diamond particles in the wheels used for electro- 
lytic machining do not actually cut metal, but act as 
insulators or spacers, maintaining the correct gap 
between the wheel and workpiece and preventing the 
conductive metal of the wheel from forming a short- 
circuit with the workpiece. They also serve to wipe away 
any oxide produced on the machined surface by the 
deplating action, thus exposing the surface for further 
machining. Diamonds are ideal for electrolytic machin- 
ing, as they do not conduct electrical current and have a 
high resistance to wear. Because of this high wear 
resistance, the optimum gap between the metal wheel 
and workpiece (usually about 0-001 in.) can be held 
satisfactorily. 























6 
+ 
“ = 
Fig. 1. Principle of electrolytic machining. 
(5) Worktable. 
(6) Electronic power supply 
(7) Insulating sleeve. 


(8) Grinding-wheel spindle 
(9) Current pick-up brushes. 








(1) Electrode wheel 

(2) Pipe for supplying electrolyte. 
(3) Insulating diamond particles. 
(4) Workpiece. 


Electrolytic machining is being increasingly used for 
grinding hard materials, e.g., tungsten carbide tips for 
cutting tools, because there is little wheel wear and 
because there is no possibility of thermal damage to the 
workpiece. Fine finishes are produced in one operation 
and, considering the hardness of workpiece materials 
such as tungsten carbide, machining rates are relatively 
fast. 

With regard to the selection of diamord wheels, it 
should be noted that the shape of the piece to be 
machined determines the shape and size of the diamond 
wheel used. It is important that the wheel be shaped to 
present the largest possible area to the workpiece during 
machining, thus deplating a large area. 

The size and type of diamond grit in the wheel are 
also important. The grit in the wheel should be fairly 
uniform in size. Since the wheel does not cut, sharp 
cutting edges are not required. Friable diamonds that 
crack and splinter are, of course, undesirable from the 
standpoint of wheel life. The size and concentration of 
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diamond grit in the wheel are determined by the size and 
contour of the workpiece. Grit size ranges from 40 to 
200 mesh. In electrolytic machining, a much finer finish 
is achieved with any specific grit size than would be 
possible in conventional grinding with wheels impregnated 
with grit of the same size. As a result, larger, more 
durable grit can be utilizea. 

A diamond concentration of approximately 100 is 
recommended for wheels used in electrolytic off-hand 
tool grinding. This concentration of diamonds provides 
proper insulation and a slower rate of wheel wear, and 
assures even distribution of the electrolyte over the 
workpiece at the contact pressures of the electrolytic 
process. The depth of the diamond-impregnated matrix 
on the wheel surface is usually from to 4 in. Fer 
off-hand grinding of carbide tools, a depth of from 
ds to ¥ in. is adequate. 

The sintered metallic matrix holding the diamond 
particles must be a good conductor and must not be 
insulated from the mounting flange. The matrix must 
hold the diamonds securely, so that they do not dislodge, 
and must be of such hardness that oxides wiped off the 
workpiece do not become attached to the wheel surface, 
inhibiting current flow. It is also desirable that the 
matrix surface be porous, so that the volume of electrolyte 
around each diamond spacer is increased. 

The machine-tool builder will recommend the best 
wheel type for a particular job when the machine is 
installed. If additional diamond wheels are purchased 
for the machine, it is advisable to request performance 
data on the wheels offered by the various makers. Such 
performance data are usually a good indication of the 
amount of experience the wheel maker has had in 
producing special wheels for electroyltic machining. This 
is a field in which actual production experience is helpful. 

New electrolytic machining wheels must be con- 
ditioned before use to obtain optimum performance. The 
first step in conditioning is to mount the wheel on the 
machine, and adjust it so that the face of the wheel runs 
as nearly to perfect trueness as possible. The wheel 
should be within 0-001 im. of absolute trueness at all 
times. An out-of-true face will ‘“‘bounce” and will 
consequently wear unevenly. 

The next step in conditioning a new wheel is to 
establish the proper protrusion of the diamond particles 
from the matrix, in order to obtain the required gap. In 
unused diamond wheels, the metal matrix almost 
entirely covers the top layer of diamond particles. The 
overlying matrix of the wheel is removed by reversing 
the polarity of the wheel and worktable, and bringing a 
deplating shoe (a bar of copper, brass, or steel) into 
contact with the revolving wheel until the diamond 
spacers protrude and form a gap about 0-001 in. wide. 

Initially, there will be some wear of any diamond 
particles that have sharp protruding points. When the 
edge has been taken off these sharp points, the rate of 

(Concluded on page 81) 
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IN the decade or two prior to 1956, transoceanic voice 
communication was carried predominantly by high- 
frequency radio circuits. The growth in the number of 
circuits and traffic during 1945 to 1956 averaged about 
8% per year. Experience with cable systems offering 
higher quality and greater reliability has substantiated the 
expectation that transoceanic traffic would increase at 
least 10°% per year if improved service were available. A 
report of the hearings of the Congressional Committee 
on Science and Astronautics states that present trans- 
atlantic-cable capacity will be exceeded by demands for 
service in 1962, and planned cable capacity will be 
inadequate by 1965. 

Certainly, then, any new system that allows rapid 
expansion of toll-quality intercontinental communication 
deserves careful consideration. A radio relay system 
using man-made earth satellites offers such possibilities. 
In fact, such satellites provide a means whereby still- 
available frequencies can be used for important services 
for which they would not otherwise be suited. 

The selection of an optimum transmission frequency 
for the satellite system, whether passive or active, is 
limited to the propagation “window” between 100 and 
10,000 Mcs. Atmospheric and man-made noise decreases 
with increasing frequency, becoming negligible above 
100 Mcs. In terms of decibels referred to 1 watt per kcs 
of bandwidth, cosmic noise decreases from a level of 

160 dBW /kcs at 100 Mcs to less than — 180 dBW/kcs 
at 1000 Mcs. Other effects, such as Faraday rotation of 
the plane of polarization and effects of nuclear explosions, 
become progressively less as frequency increases, and are 
negligible above 1000 to 2000 Mcs. At the upper bound, 
oxygen and water-vapour absorption increases with 
frequency from 0:01 dB/km at 10,000 Mcs to more than 
0-1 dB/km at 20,000 Mcs. 

In the passive case, the path loss L is given by 


L = P;|Pr = 161? di4/A*4?2D? 


where P, is the received power, P; is the transmitted 
power, A is the wavelength, di is the geometric mean of 
the distance between the satellite and terminal, A is the 
area of the antenna and 7 is its efficiency, and D is the 
diameter of the satellite. 

From the above, it will be noted that the transmitted 
power P; is a function of the fourth power of the distance 
da, and that the path loss L decreases with increasing 
frequency for fixed ground-antenna and satellite size. 

In the active case, the satellite-antenna gain will be 
limited by the area of the earth to be covered and the 
error tolerance of the attitude-stabilization system. The 
beamwidth of the satellite antenna will be fixed for a 
given orbit and, in this case of constant beamwidth at the 
satellite and fixed antenna size on the earth, the path loss 
L is independent of frequency and is given by 


L = P,|P, = k@d2?/7,A 


where A is the area of the earth antenna, d2 is the distance 
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from the earth to the satellite, 8 is the beamwidth of the 
satellite antenna, and & is a constant. 

The quantity of information that can be transmitted 
over a communication system is proportional to band- 
width. Equipment-design considerations dictate band- 
widths in the range of 0-5 to 2% of carrier frequency. 
For communication systems which use a modulation 
scheme yielding a large improvement factor, bandwidths 
will range from 10 to 40 Mcs. The equipment-design 
constraint is satisfied at 2000 to 4000 Mcs. A further 
factor to be considered is that the size and weight of 
components, particularly in the case of radio-frequency 
amplifiers and the antenna, decrease with increasing 
frequency. 

The selection of an operating frequency then becomes 
a matter of determining the highest useful frequency 
between 1000 and 10,000 Mcs based on equipment 
availability. 


Modulation Systems 


The optimum type of modulation is defined as that 
yielding the greatest power efficiency for a given signal-to- 
noise ratio S/N. Since the satellite power is limited, the 
modulation scheme which will yield the desired channel 
S/N ratio, say 40 dB, with the least transmitted power is 
the preferred method. Consequently, a type of 
modulation is desirable that allows a_ substantial 
improvement of the channel signal-to-noise ratio S/N 
over the carrier-to-noise ratio C/N at the expense of 
bandwidth. 

Since demodulation need not occur in the satellite, 
the type of modulation can be changed as desired at the 
earth station, if the translator or reflector is sufficiently 
broadband. Three principal types of modulation have 
been considered, these being respectively frequency 
division with single-sideband modulation, frequency 
division with frequency modulation, and pulse-code and 
frequency modulations. 


Frequency Division with Single-Sideband Modulation 
This system, designated FDM-SSB, comprises a 
frequency-division multiplex with amplitude-modulated 
subcarriers which apply single-sideband modulation to 
the radio-frequency carrier. 
In this system, the signal-to-noise ratio S/N equals 
the carrier-to-noise ratio C/N, and can be expressed as 


S/N = C/N = 10 log (1/KT) — 10 log 6’ — L + 
10 log P: 


where b is the signal bandwidth, K = 1-38 x 10-8 is 
Boltzman’s constant, and T is the effective absolute 
temperature of the receiver. 


Frequency Division with Frequency Modulation 

This system, designated FDM-FM, is a frequency- 
division multiplex with amplitude-modulated sub- 
carriers which frequency-modulate the radio-frequency 
carrier. A r.m.s. C/N ratio of 12 dB is the accepted 
threshold of a frequency-modulated system, noise 
improvement not being realized below this value, and 
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can be expressed as 
C/N = 10 log (1/KT) — 10 log B — L + 10 log Pr 
and, with a C/N ratio of 12 dB or more, the S/N ratio is 
S/N = (C/N) + 20 log (A f/f) + 10 log (B/25) 


where B is the intermediate-frequency bandwidth, fis the 
highest modulating frequency, and A/f is the peak 
deviation. 


Pulse-Code and Frequency Modulations 


This system, designated PCM-FM-FDM, consists of 
pulse-code modulation (time-division multiplex) with the 
pulse frequency-modulating the carrier, several of which 
can be frequency-multiplexed to obtain a larger number 
of channels. 

In this pulse-code system, the bandwidth must first 
be determined. By using a 6-bit code and sampling at 
twice the highest audio frequency, the bit rate for each 
voice channel will be 6 « 8000 = 48,000 bits per 
second, and the video frequency will be 48,000 /2 = 24,000 
cps. To transmit the video information of a multi- 
channel system with the least power, a gaussian-shaped 
response is used. It can be shown that the 3-dB band- 
width of the overall system need equal only twice the 
video rate to obtain an acceptable interchannel crosstalk 
ratio, so that a radio-frequency bandwidth of twice the 
pulse rate will be used. 

Since the pulse information frequency-modulates the 
radio-frequency carrier, the frequency-modulation thres- 
hold noted above must be exceeded. In addition, there 
is a pulse-code-modulation threshold below which the 
noise improvement fails. This point is reached when the 
pulse-signal voltage cannot be separated from noise with 
great certainty. 

With regard to the video signal, it should be noted 
that an r.m.s. S/N ratio of 9 dB is an acceptable threshold 
value, i.e., lower than that for frequency modulation. 
When this threshold of 9 dB for pulse-code modulation 
is exceeded, the channel S/N ratio is much higher than 
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Fig. 1. Signal-to-noise ratio S/N as a function of received signal 
power in decibels referred to 1 W for modulation systems 
providing 12 voice channels, each of 3-kcs bandwidth. 
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40 dB. The carrier power P:n required in the case of 
pulse-code and frequency modulations, neglecting the 
frequency-modulation threshold, is 


Pen 10 log (1/KT) + 10 log B — 20 log (34 A f/f) 
+9O+L 


A class of demodulation referred to as synchronous or 
phase-locked detection will lower the threshold by from 
3 to 6 dB. 

An analysis has been made on the basis of 12 voice 
channels, and it is assumed that the satellite receiver and 
transmitter must be capable of handling the total number 
of channels. Fig. 1 shows the r.m.s. signal-to-noise 
ratio S/N of the channel as a function of the received 
signal or carrier power in decibels referred to 1 W for 
the three modulation systems discussed, and is based on a 
system providing 12 voice channels, each of 3-kcs 
bandwidth, a receiver noise figure of 1 dB, and an antenna 
temperature of 40°K. Fig. 1 shows the advantage of the 
system using pulse-code and frequency modulations with 
frequency-division multiplexing (PCM-FM-FDM). Thus, 
in the case of the system using frequency divivision with 
single-sideband modulation (FDM-SSB), an S/N ratio of 
40 dB is obtained with a carrier power of about — 118 dB 
referred to 1 W, while the system using frequency division 
with frequency modulation (FDM-FM), assumed in this 
case to have a peak modulation index (6 of 4, requires 
9 dB less power. The PCM-FM-FDM system offers 
considerable power reduction, the received signal power 
with an S/N ratio of 40 dB being — 148 dBW, i.e., an 
improvement of 30 dB over the FDM-SSB system. 


Classification of Satellite Repeaters 


Orbital radio relays can be classified into two broad 
groups, depending on whether they are passive or active 
repeaters. In addition, they can be further categorized as 
near-orbit and 24-hour-orbit satellites. In this connec- 
tion, near orbits are considered as those with a period of 
from 1 to 3 hr at an altitude between 800 and 4800 km, 
whereas the 24-hour-orbit satellite rotates in synchronism 
with the rotation of the earth when it is placed in an 
equatorial plane at an altitude of just under 35,900 km. 


Passive Satellites 


The parameters of a passive-satellite system have been 
thoroughly analysed by Pierce and Kompfner*, who have 
shown that transatlantic communication could be 
established more efficiently by a number of satellites in a 
polar orbit at an altitude of 4800 km. These satellites, 
comprising aluminized plastic balloons of spherical shape, 
would assume random positions in their orbits. As the 
altitude of an orbit increases, the number of satellites 
required to maintain a specified continuity of service 
decreases, while the transmitter power required increases 
with orbit altitude. In the case of an altitude of 4800 km 
and a service interruption of less than 0-1%, thirty 
satellites would be required. 

Fig. 2 shows the transmitter power per kcs of band- 
width as a function of the diameter of the ground antenna 
required with passive balloon-type reflectors of 100 and 
1000 ft diameter and transmission frequencies of 2000 
and 8000 Mcs. The curves are based on a receiver 
temperature of 75°K and an antenna temperature of 
20°K and assume a free-space loss of 2 x 177 dB, a 
receiver KTB-value of 208-8 dB referred to 1 W/cps, and 





* R. Prerce and R. Komprner: “Transocearic Communication by 
means of Satellites”; Proc. 1.R.E., Vol 47, March 1959, pp. 372-380 
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Fig. 2. Transmitter power required per kcs of bandwidth as a 

function of the diameter of the ground antenna for passive 

reflectors in a 4800-km orbit (a) of 100-ft diameter operating at 

2000 Mcs, (b) of 100-ft diameter at 8000 Mcs, (c) of 1000-ft diameter 
at 2000 Mcs, and (d) of 1000 ft diameter at 8000 Mcs. 


a C/N ratio of 15 dB. It should be noted that the 
receiver noise figure is somewhat more pessimistic than 
that assumed by Pierce and that the C/N ratio is based on 
wide-band modulation techniques. 

It will be seen from Fig. 2 that, using a reflector of 100 
ft diameter, an operating frequency of 2000 Mcs, and an 
earth antenna of 120 ft diameter, a power of about 130 W 
per kcs of radio-frequency bandwidth is necessary. With 
wide-band modulation systems, such as _ pulse-code 
modulation, an information bandwidth of 4 Mcs can be 
transmitted with a radio-frequency bandwidth of 24 Mcs, 
yielding an S/N ratio of better than 40 dB. Such a 
system would require an increase in the earth-transmitter 
power of 34 dB, i.e., to approximately 3 MW —an 
impracticable level at present. If, however, the operating 
frequency is raised by a factor of 4 to 8000 Mcs, the 
transmitter power will be reduced by a factor of 16, 
provided that antenna efficiency can be maintained and 
that atmospheric absorption is neglected. 

To sum up, it may be said that passive systems are 
characterized by a large number of satellites, large earth 
antennae, and high transmitter power to cover a relatively 
small area of the earth. They may, however, play an 
important interim role in transoceanic communications 
pending the development of reliable electronic systems 
and the high-powered rocket boosters that will be 
required to launch active satellites. 


Active Satellites 


A larger satellite reflector would reduce the power 
required on earth, but a controlled propulsion mechanism 
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for maintaining optimum position and attitude would be 
needed. If such a complication is resorted to in space- 
craft, it is only a simple additional step to incorporate a 
transponder and thus evolve an active repeater. 

Near-orbit active satellites are already under develop- 
ment for military purposes and, in addition to world-wide 
high-speed capabilities, their communication facilities 
are designed to provide continuity of service under 
conditions of jamming and interference. One such 
project is concerned with a satellite in an orbit between 
960 and 1125 km approximately, activated as it comes 
into view of a ground station that has traffic for another 
ground station. Teleprinter signals, previously stored on 
magnetic tape, are transmitted at a high speed to the 
satellite, which then stores the message and retransmits it 
at high speed when it is in view of the addressed station 
and when commanded to do so by a coded signal. 
During reception of stored messages from the satellite, 
the earth station can also transmit traffic for other 
stations to the satellite on a different frequency. By 
transmitting at a high information rate during the 4 to 
5 min in which the satellite is reliably in view of the earth 
station, it is possible to transmit the traffic of twenty 
teleprinter channels operating continuously at a rate of 
100 words per minute. For an active operating time of 
3 min when the satellite is within range of the earth 
station on each orbit, the traffic-handling capacity would 
be 15,000,000 bits, i.e., the capacity of each satellite 
recorder, corresponding to 428,000 words per satellite 
Pass per station. With a ground station operating in a 
latitude of, say, 20°N, and a satellite at an altitude of 
about 960 km orbiting in 110 min, there would therefore 
be seven useful orbits per day, i.e. nearly 3,000,000 
words per day handled by such an earth station. 

As in the case of passive satellites, a large number of 
near-orbit active satellites and steerable ground antennae 
must be used for continuous coverage. It should also be 
appreciated that the altitude of an attitude-controlled 
near-orbit satellite will limit the antenna beamwidth of 
the satellite. The path loss, the gain of the satellite 
antenna, and the coverage on earth decrease with 
altitude, so that, if the satellite is moved from a 4800-km 
orbit to a synchronous orbit at 35,900 km and if an antenna 
beam tangential to the surface of the earth is used, only 
5 dB more power is required. 

In the case of active satellites with a 24-hr orbit, three 
satellites in an equatorial orbit of approximately 35,900 
km can cover about 98 % of the surface of the earth. For 
world-wide communication systems, this would appear 
very attractive, though the most severe limitations are the 
power output of the satellite transmitter and its life. 

At the synchronous-orbit altitude, the beamwidth of 
the satellite antenna for hemispherical coverage is 18°. 
Allowing a margin for positional error of +4°, a 25 
beamwidth can be used, yielding a gain of 16 dB at 2000 
Mcs. With 60-ft paraboloidal reflectors on the earth 
and a receiver noise figure of 1 dB, a satellite transmitter 
rated at 2 W can handle 96 voice channels. It should be 
noted that there is a large difference in peak power output 
among the various modulation systems previously com- 
pared, and the peak power demand can be troublesome 
with an active-satellite transmitter, particularly if a 
klystron or travelling-wave tube is used in the output stage. 

Finally, it may be said that an active system, capable 
of handling as many as 1000 voice channels, can be 
implemented within two years, and that these satellites 
can compete economically and technically with other 
reliable systems, such as submarine cables. 
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In the Goodyear range of more than 600 hoses there's one for 
every job—tough and dependable, built for top performance 
and economy, their proved smooth-flow efficiency helping to 
keep costs really /ow. Goodyear research and experience in 
producing hoses for all types of service are your best guarantee 
of long, reliable service. 

The Goodyear Technical Service will advise on the right choice 
of standard Goodyear hose for your needs or will design a 
hose to your own specification. Write or telephone today. 


200 DFY EAR THE GREATEST NAME IN RUBBER 


The Goodyear Tyre & Rubber Co. (G.B.) Lid., Industrial Products Dept. 
Wolverhampton 
Export Enquiries : 17 Stratton Street, London, W.1 
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NEW RADICON 
‘ADAPTABLE’ 
RANGE OF 
SMALL WORM 
REDUCERS 


REGD. DESIGN 


First with Fan Cooling ! 


The incorporation of high- 
efficiency cooling fans, enables 
these new small Radicons to achieve 
surprisingly high thermal ratings. 
That means bigger horsepower in- 
puts—wider range of applications! 


Unequalled Mounting 
Versatility ! 


The feet of ‘Adaptable’ Radicons 
are detachable, so you can mount 





the units to suit yourself. Whatever 
the angle, their high efficiency 











remains unimpaired. 


That’s only part of the story! So send for the new Radicon Catalogue, which gives full details 
of both the ‘Adaptable’ range, and the over-4" ‘Solid Foot’ range. 


Radicon is a registered name 


DAVID BROWN =o 


DAVID BROWN CORPORATION (SALES) LIMITED GEAR DIVISIONS 
PARK WORKS HUDDERSFIELD TELEPHONE: HUDDERSFIELD 3500 
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British Industrial Developments 


Automatic Loading and Unloading 
Equipment for a Rotary-Hearth 
Forging Furnace 


Automatic loading and unloading equipment for a 
rotary-hearth furnace which preheats steel billets prior 
to forging has been designed and constructed by The 
Hymatic Engineering Co. Ltd., of Redditch, Worcs. 
This equipment, which is operated by compressed air, 
has been installed on a furnace manufactured by 
Franklins, of Birmingham, and is being operated at the 
works of Smiths Stamping Ltd., of Coventry. 

The oil-fired furnace has been designed to operate at 
temperatures up to 1300°C. The oil burners are auto- 
matically controlled from billet temperature and fire 
tangentially round the working space of the furnace, 
thus requiring the unloading arm in particular to work 
directly in the path of one of the main burners. The 
hearth of the furnace is automatically indexed at a 
predetermined distance by a pneumatically operated 
ratchet-and-pawl mechanism operated by signals from 
the Hymatic equipment. The jaws of the equipment will 
handle billets from 34 to 6 in. square, up to 18 in. in 
length, and weighing from 30 to 104 lb. The throughput 
rate of the furnace is controlled at 35 cwt per hour. The 
doors of the furnace, which are pneumatically operated, 
open downwards, leaving the area above and around the 
furnace clear for the loading and unloading equipment. 


The Hymatic equipment, which takes the form of two 
mechanical arms hinged at their upper points, is attached 
to vertical buck-stays positioned around the furnace, which 
is 15 ft in diameter. The loading and unloading equip- 
ment is synchronized with the furnace doors, and the 
mechanical movement of the doors is taken as the signal 
for the operation of the pneumatic equipment. Although 
the furnace temperature is very high, it does not interfere 
with the operation of the pneumatic equipment or the 
air rams fitted to the outside, as the furnace is encased 
in a firebrick outer wall, 18 in. in thickness, and the 
outside temperature is not abnormal. 

The cold forging billets are transferred from the 
loading point onto the automatic billet-lift by a gravity- 
type conveyor. When a billet has been transferred on- 
to the loading device, it automatically rises, inserting the 
billet into the gripper jaws of the loading device. When 
1961 
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the loading device has reached the top of the lift, a 
limit-switch is operated, closing the jaws gripping the 
billet, initiating the return of the loading device to its 
normal down position, and leaving the billet ready for 
loading into the furnace. Working in conjunction with 
the billet-lift is a device which meters the billets one at a 
time onto the lift and ensures that a billet is not transferred 
to the lift when it is in a raised position. 

On receiving a signal from the timer controlling the 
rate of operation of the furnace, the furnace-door control 
equipment operates, opening the doors on the loading 
and unloading apertures of the furnace. As soon as these 
furnace doors are opened, the loading and unloading 
devices advance into the furnace, the loading device 
depositing the billet onto the furnace hearth and the 
unloading device gripping the heated billet. The devices 
then withdraw to their out positions. On this withdrawal 
stroke the furnace doors reclose, and the hearth of the 
furnace is indexed one stroke. When the two devices are 
fully withdrawn, the jaws of the unloading device open, 
allowing the hot billet to fall onto a discharge chute for 
transfer to the hammer or press, as shown in the illustra- 
tion, in which can be seen the billet in-feed conveyor, 
the discharge transfer chute, and the power press. Fitted 
in a control cabinet close to the furnace is all the electrical 
equipment necessary for the automatic cycling of the 
furnace loading and unloading devices. 


Automatic Transformer-Core Plate- 
Cutting Machine 


Designed and developed by Ferranti and manufac- 
tured to their instructions by A. Kinghorn & Co. Ltd., of 
Todmorden, Humphries and Sons Ltd., of Poole, and 
The Noibury Engineering Co. Ltd., of Hyde, a new and 
fully automatic transformer-core plate-cutting machine 
has recently been installed in the Transformer Department 
of Ferranti, Ltd., of Hollinwood, Lancs. The plant has 
been in production since July 1960, and is stated to have 
achieved its original objectives of producing core lamina- 
tions to a higher degree of accuracy than has hitherto 
been possible, resulting in an increase in core efficiency. 
It has also overcome handling difficulties, with a con- 
sequent increase in productivity. 

The machine, which is equipped with safety devices 
at all stages of operation, combines in one operation the 
piercing of all holes or slots and the cutting of two plates 
per cycle of the machine. Provision is also made for 
grinding edge burrs, if necessary. All dimensions are 
related to the theoretical centre-line of the strip of 
material, i.e., the centre-line of the core. This has the 
advantage of dividing possible inaccuracies in the width 
dimensions equally to both sides of the plate, and not to 
one side only, as in the case of guillotine or press produc- 
tion, where all measurements are made from one datum 
edge of the material. The possibility of variations in 
length dimensions occurring through human error in the 
case of guillotine and press production have been 
eliminated by cutting both ends of each plate and 
punching all holes and slots in one operation of the 
machine while the strip of material is in tension. 

The bed of the press is 30 ft in length and 56 in. in 
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how does the effluent flow ? 


No magic wand can disperse the effluent of a factory or works; yet the necessity 
for control, if our rivers and lakes are to be kept clean, is obvious. 


The first essential is measurement and an accurate record. The Arkon liquid 


flow recorder measures, and records the flow, of any effluent from the 


corrosive to the merely noxious. The recorder is simple, accurate, 
maintain and is very low priced. 


easy to 
MORE ABOUT ARKON RECORDERS IN PAMPHLET AE.24. 
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width. The machine is fed automatically to cut lamina- 
tions two at a time, each 15 ft in length and 36 in. in 
width, a special facility being incorporated for cutting 
laminations up to 47 in. in width. The illustration shows 
the machine with the material in tension just prior to 
press operation and ejection. The second plate is ejected 
on the opposite side of the machine. 


Large Injection-Moulding Machines 


As announced by Baker Perkins Granbull Ltd., of 
Kingston-on-Thames, through whom Triulzi machines 
are available in the U.K. and the Commonwealth, the 
largest and most powerful injection-moulding machines 
in the world, with an injection capacity of 425 oz and 
a locking pressure of about 2250 tons, have been produced 


by Triulzi, of Milan, Italy. Stated to be ideal for 
producing household articles, the first three units of this 
type have been ordered by a German firm for the 
production of refrigerator shells at a rate of one shell 
every two minutes. 

The machine is designed for an automatic cycle, but 
every movement can be controlled separately by means 
of push-buttons. The injection force can be adjusted 
up to a maximum of 220 tons and, with a standard 
injection plunger, it is possible to obtain up to 22,000 
psi. With this pressure and with the very high injection- 
plunger speeds obtainable, it is possible to process any 
thermoplastic material and to obtain thin-walled 
mouldings. 
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The body of the machine is cast in steel, with rolled- 
steel sections in the bedplate. The rams and tie-bars 
are ground and are hard chrome-plated. Steel and 
special materials have been used for the sliding parts 
and components under stress. The hydraulics, valves, 
distributors, and servo-controls are located on an ac- 
cessible platform fitted over the reaction head. All 
electrical and electronic equipment, including timers 
for setting times and automatic temperature controls. 
are located in a special sheet-sealed box to protect them 
from dust and temperature variations, and are kept 
separate from the machine, so that no possible vibration 
can affect them. 


Universal Grinding Machines for 
Extra-Heavy Duties 


Keighley Grinders (Machine Tools) Ltd., a member 
of the Newall Group, announce the development of a 
fully universal grinding machine for extra-heavy duties, 
with a 37-in. swing and a capacity between centres to 
suit requirements in the range between 24 and 120 in 
The 24-in. model illustrated has been designed to user 
specification for grinding large die-blocks weighing up to 
1500 Ib and extending 11 in. fram the workhead face- 
plate. Massively proportioned, the machine base has 
X-section ribbing and extra-wide table ways. The top 
table platen has a width of 11 in., the table power 
traverse is steplessly variable in the range provided, and 
adjustable dwell control is incorporated. To facilitate 
precise manual control of table movement, the hand- 
wheel mechanism is mounted in anti-friction bearings, an 
interlock preventing power traverse when the handwheel 
mechanism is engaged. 


The wheelhead is mounted on a circular base, which 
is, in turn, supported on an underslide to provide 
facilities for wheel feed to be applied at any angle. The 
lower table is equipped with a worm-gear mechanism for 
ease and accuracy of indexing. The upper turntable is 
floated on an oil film during adjustment to the angular 
position, the upper surface of this slide being tee-slotted 
in order to locate the wheelhead positively when steep 
angles have to be ground. A useful feature of the wheel- 
head is the provision of a separate rapid power traverse 
which can be advantageously employed when positioning 
for grinding a new diameter. Application of the lever 
controlling this function automatically disengages the 
dead-stop, eliminating any possibility of damage, while 
the limit-switches incorporated prevent over-run. 
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Beaver pre-loaded ball screws, up to 95 efficient, 
operate at—52°C to over 400°C with no backlash 


Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90% and they can operate within a tempera- 
ture range of —52°C to 400°C without lubrication, and 
up to 170°C when lubricated. 


Machined and ground to the highest standards of pre- 
cision engineering Beaver pre-loaded ball screws greatly 
increase transmission efficiency. They reduce the power 
required for actuation by as much as 80%, when con- 
verting rotary drive into linear output or force input 
into torque output. By eliminating backlash, with pre- 
loading, they give precise control over very small incre- 
ments of motion and a high response frequency. And 
when compared to conventional screw mechanisms, 
they provide a predictable operating life which is much 
longer, require much less maintenance and give more 
trouble-free operation. 


Basic design application analysis 


Bristol Siddeley engineers make an exhaustive analysis 
of each specification. And each unit is specially designed 
for its particular application. Beaver ball screws are 
made automatically reversible or with controlled 


i i: 


“‘no-back,”’ with multiple or single circuits. Beaver 
pre-loaded ball screws have been proved as the most 
efficient method of converting rotary into linear thrust 
in over 2,700 engineering applications in many branches 
of industry. They have been designed already with rated 
operating load capacities of 370,000 Ib (825,000 Ib 
maximum static load) but the maximum potential 
operating load is, in most cases, limited only by the 
requirement. 





—— = 
Bristol Siddeley Beaver bal! splines have | 
been developed to eliminate the disadvantages | 
of conventional splines. The designs are very | 
effective in minimising friction, particularly when | 
high torsional and bending loads are imposed | 
during linear movement. | 





*Complete technical and manufacturing co-operation with 
Beaver Precision Products Inc, Detroit. 


For further information please write to: 
> J. B. STARKY, SALES MANAGER (BALL SCREWS AND 
> SPLINES), BRISTOL SIDDELEY ENGINES LIMITED 
PO BOX 17, COVENTRY, ENGLAND 


BRISTOL SIDDELEY ENGINES LIMITED 
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The wheelhead in-feed, applied at every reversal of 
the table, is steplessly variable between 0-0002 and 
0-0020 in. The heavy-duty live- and dead-centre work- 
head, equipped with a gearbox to provide twelve work 
speeds in the range between 5 and 100 rpm, is mounted on 
a large-diameter turntable and can be swivelled to any 
desired angle. A flanged steel spindle, 6 in. in diameter, 
runs in high-precision taper roller bearings, which are 
grease-packed to minimize maintenance requirements. 


Attachment for Measuring the 
Surface Finish of Small Balls 


Capable of enabling the surface finish of a ball of 
1 mm diameter to be measured and recorded accurately 
in half-millionths of an inch, a new small-ball surface- 
measuring attachment has been developed by the 
Taylor, Taylor & Hobson Division of Rank Precision 
Industries Ltd. for use with the ‘‘Talysurf’’ Model 3 
surface-measuring instrument. 


f 
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Fundamentally designed with a view to production 
testing and to cater to the demand for measuring high- 
speed precision bearings, the attachment, which is easily 
and quickly set up, consists of a stationary pick-up unit, 
in which a stylus is mounted underneath a conical 
seating. The ball to be tested is placed in the seating, 
where it is then rotated by a friction drive, controlled 
from the standard **Talysurf” gearbox. The ball is given 
the same surface velocity as that normally applied to the 
traverse of the conventional ‘*Talysurf’’ pick-up, per- 
mitting both graphs and average readings to be obtained 
from the standard instrument. The range of balls 
catered for is from 1 mm to | in. diameter, and graph 
readings are recorded with magnifications up to * 50,000, 
0-1 in. on the paper representing 0-000002 in. 


Transportable Equipment for Drying 
Electrical Circuits 


Manufactured in Norway by Marinens Hovedverft, 
Horten, and of particular <interest in the marine- 
engineering field, transportable equipment for the 
detection in situ of faulty insulation in electrical apparatus 
and the removal of moisture causing failure is now 
available in the U.K. from the Marine Department of the 
A.E.I. Telecommunications Division, of Woolwich, 
London, S.E.18, who have the world marketing rights, 
with the exception of Scandinavia, France, Holland, 
Germany, and the U.S.S.R. 
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The intrument, designated E.A.F. equipment, is 
essentially a low-potential source of supply of drying 
current which is passed through the circuit whose 
insulation has been found to be faulty. The unit is 
fitted with a voltmeter and ammeter for indicating the 
voltage applied and the current flowing during the 
drying-out process, a megohmeter for the continuous 
monitoring of the insulation resistance, a resistance 
thermometer for indicating the temperature of the 
conductor during drying, and a thermostat for controlling 
the drying temperature to avoid overheating of the 
conductor and insulation. A graph on the top plate of 
the instrument shows the relationship between the 
current-carrying capacity of the conductor being treated, 
the heating effect of the drying current, and the life of the 
cable under various drying conditions, these curves 
applying only to long-term overloading of the conductor, 
as short-term overloading has no serious effect. The 
equipment operates from a 220-V, 50/60-cps a.c. supply, 
a converter being required for ships with d.c. mains. 
Output terminals are provided to cater for five 
different cable sizes, with an additional terminal for 
larger cable sizes, in which case the thermostatic control 
does not operate and the ammeter and voltmeter are 
used as checks. Damage to the cable through overheating 
cannot result, and the equipment itself is protected against 
overloading by automatic fuses. A maximum output of 
2 kVA is available. 

To dry out a faulty cable, the remote end is first 
short-circuited. Where there are more than two cores, 
it may be enough to use only two to carry the drying 
current. A multi-core cable can be completely short- 
circuited at the remote end with the cores separated into 
two groups at the other end and connected to the equip- 
ment as a two-conductor cable. Testing and drying-out 
of motors can be effected by testing through the supply 
circuit or by connecting directly into the terminal board 
of the motor, heating of the motor in this case being 
largely achieved by utilizing the iron losses. 





The correct drying current is chosen for a particular 
size of cable from a table on top of the equipment, and 
the voltage required to supply this current (which will 
vary according to the overall length of cable to be 
treated) found by experiment on the output terminals. 
During the drying period, a test-button can be depressed 
to switch off the drying current and to switch in the 
megohmeter to show the insulation resistance of the 
cable while it is warm, so that any latent insulation 


99 


Rolling 


The hot rolling mills at Atlas Works vie with the forge in 
high lighting the manual skill and experience of the operators. 
Here the closest team work is essential—from the more 
leisured movement of experienced supervision to the athletic 
skill in the “catch and thread” of the fast moving bar in the 
rod mills. 


Steel science would be useless without these skills, which are 
ingrained into Firth Brown Special Alloy Steels. 


STEEL FOUNDERS ° HEAVY ENGINEERS 
BROWN LIMITEO SHEFFIELO ENGLAND 


ALLOY STEELMAKERS . FORGEMASTERS 
THOS FIRTH s JOHN 


THE ENGINEERS’ DIGEST 








faults are more readily detected. As the temperature of 
the cable rises, any moisture present moves towards the 
ends of the cable, where the concentration rises rapidly; 
however, because the supply voltage is low, there is no 
flash-over. As the temperature of the cable rises above the 
ambient level, the moisture is rapidly evaporated. 
Drying out of the cable usually takes very little time. 
Further penetration of moisture can then be avoided by 
finishing the ends of the cable with insulating varnish and 
tape. 


Micrometer-Controlled Syringe for 
Feeding Diamond Lapping 
Compounds 


In many grinding and lapping operations, use is made 
of compounds containing diamond particles suspended 
in a variety of special pastes. As minute quantities of 
these compounds are generally needed for such opera- 
tions, and as they are extremely costly (up to £120 per 
ounce), it is obvious that substantial savings can result if 
they are accurately dispensed. It is for this reason that a 
new micrometer-controlled syringe, designated the 
“Hyplicator”, has been introduced by Engis Limited, of 
Maidstone, for the accurate metering of their “‘Hyprez” 
diamond compounds for grinding and lapping operations. 


Because, in some cases, surfaces brought to a high 
finish can be damaged by corrosion products, especially 
crystalline copper sulphate, resulting from the use of an 
applicator gun made of metal, the body of the “Hypli- 
cator” is made of moulded nylon, with a threaded nylon 
shaft engaging with a knurled micrometer screw, also 
made of nylon, in the top of the barrel. The shaft is 
connected to a neoprene plunger, the base of which has a 
greater radius of curvature than that of the nozzle cup 
into which it descends, ensuring that every vestige of the 
compound is forced into the centre of the cup and down 
the nozzle as the syringe empties. The entire nozzle 
fitting can then be removed and attached to a freshly 
loaded syringe, so that none of the compound is wasted. 


Special-Purpose Palladium-Contain- 
ing and other Brazing Alloys 


A range of special-purpose brazing alloys available 
from the Baker Platium Division of Engelhard Industries 
Ltd., of London, W.C.1, is stated to open up a much 
wider field of brazing techniques, so much so that many 
operations which have hitherto entailed welding opera- 
tions or mechanical assembly now lend themselves to 
brazing, with a resulting economy in time and equipment. 
For maximum strength of the brazed assemblies, lap 
joints are normally recommended, and_ correctly 
designed joints will possess a strength which is greater 
than that of the parent metal. In fact, the choice of a 
brazing alloy of appropriate melting range can lead to 
assemblies with greater strength than that obtained by 
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welding, as the deleterious effects on the structure of the 
parent metal, arising from overheating during the 
welding cycle, can be avoided. 

The range of special-purpose brazing alloys available 
includes certain of the established silver-copper, gold- 
copper, and gold-nickel alloys, also the recently developed 
palladium-containing alloys, i.e., silver-copper-palladium, 
silver-palladium-manganese, copper-palladium-nickel- 
manganese, palladium-nickel, and nickel-manganese- 
palladium alloys. In general, all these alloys offer 
important advantages over conventional brazing 
materials in respect of their strength at high temperatures, 
their low vapour pressure, and the fact that they enable 
certain materials which cannot be brazed with conven- 
tional alloys to be joined satisfactorily. Additional 
advantages offered by the palladium-containing alloys 
include the reduction of erosion of the parent metals to a 
minimum, enabling thin sections to be readily joined, 
and the ability to join metallized ceramics directly to low- 
expansion alloys without the need for nickel-plating the 
ceramic. 


Small Bench-Type Precision Surface 
Grinder 


A small hand-operated bench-type precision surface 
grinder, designated the “‘Precisa FS 2”, announced by 
The H. G. Stevens Co. Ltd., of London, N.W.2, is 
capable of dealing with diameters up to 7} in. and with 
rectangular areas of up to 6 x 12 in. and 4 = 16 in. 
Occupying little more space than a fly press or bench drill, 
the machine is suitable for use in maintenance depart- 
ments and mobile workshops, in tool rooms, either by 
itself or to supplement existing grinding capacity, and 
for production work, particularly for the batch 
or flow production of 
components requiring the 
removal of only small 
amounts of metal. The 
3-hp, 2800-rpm motor 
and the grinding spindle 
are dynamically balanced 
as a unit and, in conjunc- 
tion with the rigid con- 
struction of the machine 
as a whole, ensure a first- 
class finish (flat or 
hollow-ground, as des- 
ired). 


The vertical feed scale is optically magnified and is 
calibrated in steps of 0-00025 in. All bearings are care- 
fully sealed and the feed spindle is completely protected 
by leather bellows. As a result, it is claimed that the 
machine has an accuracy of better than 0-00025 in., 
which should be retained throughout its service life. The 
standard cup wheel supplied for a normal fine finish has 
a diameter of 7} in. but, if required, can be replaced by a 
special segmental head and wheel for grinding at twice 
the normal grinding speed. Other accessories include 
special grinding wheels for glass, ceramics, etc., a pump- 
driven wet-grinding set, a choice of magnetic chucks, 
including an electromagnetic type with a built-in 
demagnetizing device, and a quick-action diamond- 
dressing attachment which makes it unnecessary to alter 
the machine setting when dressing the grinding wheel. 
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Cylinder-Pressure Variations in Petrol Engines 


For some time past, it has been taken for granted that 
a spark-ignited petrol engine produces cylinder-pressure 
values which are not reproduced identically during each 
individual cycle. In some quarters, this cyclic variation 
has been blamed for engine roughness and for high fuel 
consumption, compared with a compression-ignition 
unit. It has also been said that, if all cycles could be 
made equal to the highest pressure ones, a gain in power 
of 10°% could be realized, without affecting the petrol 
intake. 

If actually an increase of power of as much as 10%, 
with a corresponding decrease in specific fuel consump- 
tion, could be obtained, these cycle pressure fluctuations 
would indeed be a serious matter and would warrant 
a thorough investigation. It was therefore decided to 
study the problem employing existing equipment, i.e., 
a single-cylinder Renault 500-cc engine, capable of being 
run at a speed of 4500 rpm and with variable com- 
pression ratios between 4:5: 1 and 13:1. The tests 
provided some valuable information, and showed that 
the possible gain in output by bringing all cycles up to 
the level of the most efficient is of the order of 2% 
with a slightly richer than stoichiometric air/fuel ratio, 
but larger improvements of the order of 10°% or more 
could be obtained with weaker mixtures. 

This paper describes the detailed research programme 
involved, in which every working variable was altered 


By J. P. SoLTau 


From a paper presented at a meeting of 
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in turn, and its effect on combustion observed on an 
electronic engine indicator. The development of the 
cylinder pressure over a large number of cycles was 
recorded at each setting with the aid of an oscillograph 
camera. For more detailed observations, the photo- 
graphed traces were replotted on a volume scale, and 
individual P — V diagrams were studied and in some 
cases drawn as log P — log V graphs. The experiment 
showed that the fluctuations in peak pressures and 
i.m.e.p. were caused by differences in the heat-release 
rate from cycle to cycle. All hydrocarbon fuels exhibit 
similar variations, but town gas, with its more rapid 
burning, produces steadier pressure development. The 
air/fuel ratio of the mixture is the main factor which 
influences the magnitude of the maximum pressure 
variations, from cycle to cycle. The steadier mixture 
ratio is in the order of 13, and on either side of this the 
fluctuations increase rapidly, especially on the weak end. 
Using several simultaneous ignition sources, it is possible 
to decrease the individual flame front path and therefore 
to increase the resulting combustion speed, reducing the 
fluctuations. 


The Case for Standardizing Airport Apron-Outlet Distribution Systems at 1000 V, 400 spc 


One of the desirable features of the jet-age airport is the 
use of fixed outlets, adjacent to the parking positions of 
aircraft on the apron, from which electric power is 
supplied to aircraft. Such an outlet was a rare occurrence 
in the past; in fact, the common practice was, and still 
is at most airports, for each airline to supply power from 
a mobile, engine-driven generator. Nevertheless, the 
operational advantages of such apron outlets are obvious. 

The design of a system to supply electric power to 
these apron outlets is a problem which has few precedents 
and is a subject on which there is little available literature. 
The purpose of this paper is therefore to investigate the 
various electric systems available, to reach a conclusion 
as to which is best suited for this application, and to 
explore the possibilities of standardizing apron outlet 
distribution systems. 

In considering apron-outlet distribution systems, 
comparisons are made between a 115/200-V, 400-cps 
system, a 380-V, 50-cps system, and a 1000-V, 400-cps 
system. The 115/200-V, 400-cps system comprises a 
50- or 60-cps motor driving a 115/200-V, 400-cps genera- 
tor located in the terminal building, power being delivered 
to the apron outlets at generator voltage. In the 380-V, 
50-cps system, this current is distributed to each apron 
outlet, and a mobile motor-generator set or rectifier, 
adjacent to the aircraft and supplied from the outlet, 
converts this terminal distribution voltage to the type of 
system required by the aircraft. In the 1000-V, 400-cps 
system, a 50- or 60-cps motor would drive a 1000-V, 
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400-cps generator located in the terminal building, power 
being distributed to the apron outlets at generator 
voltage. A 1000-115/200-V portable transformer, or a 
portable transformer/rectifier, placed adjacent to the 
aircraft, would then be used to supply the aircraft with 
the required type of system. 

In general, it would appear that the 1000-V, 400-cps 
system has much to recommend it. Naturally, the 
criterion of any standard is that it should be universally 
applicable. If an airport were to serve aircraft with d.c. 
systems only, there would be no need for a 1000-V, 
400-cps system. However, it is expected that only major 
airports with heavy traffic will install apron outlets, and 
that a good percentage of the aircraft they will accommo- 
date will have a.c. systems. At such airports, the 
determination of which system is the most economical 
would depend primarily upon the value of the peak 
demand of the system, which in turn would be dependent 
on the number of large turbojet aircraft with a.c. systems. 
It cannot be expected that the 1000-V, 400-cps system 
will be a panacea, but it is envisaged that it would be 
technically and economically preferable in the majority 
of cases, and very possibly a necessity when supersonic 
commercial aircraft are a reality. 
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Volatilization Phenomena in High-Temperature Brazing Filler Altoys 


THE objective of the programme described in this paper 
was the development of oxidation-resistant brazing 
filler alloys containing liquidus temperature depressants 
which can be volatilized during vacuum brazing, bearing 
in mind that the removal of any temperature depressant 
after flow should result in a more suitable high-tempera- 
ture filler alloy from the standpoint of high-temperature 
strength. Furthermore, it is clearly desirable to have 
an alloy which can be applied at a relatively low brazing 
temperature, and subsequently have a much greater 
remelt temperature. 

As described in this paper, experimental brazing 
filler alloys of this type have been developed. The 
mechanisms by which remelt temperature is increased 
have been studied for a range of alloys containing 
nickel, chromium, germanium, indium, iron, lithium, 
and phosphorus. The two main mechanisms are dis- 
solution of the base metal in the filler metal, with diffusion 
of constituents of the filler metal into the base metal, 
and volatilization of the filler-metal constituents. 

It has been shown theoretically and experimentally 
that, for remelt temperature to increase, there must be 
solid solubility of the diffusing or volatile element in 
the filler alloy. Although compositional changes may 
result from either mechanism, a remelt-temperature 
change does not necessarily occur. The degree to which 
a compositional change affects remelt temperature is 
proportional to the solid solubility. 


An Investigation into Tunnel-Burner Noise 


A REviEW of the literature on the mechanism of noise 
production in combustion systems indicates that, in the 
case of tunnel burners, the oscillations are governed by 
the Rayleigh criterion, coupled with the possibility of 
standing waves in the mixture supply pipework. In 
order to investigate this hypothesis, a series of simplified 
single-port tunnel burners, as described in this paper, 
was constructed. The perforated back-plate type of 
tunnel burner was chosen for full-scale investigation, 
since it is notoriously prone to noisy combustion. The 
effects of varying several parameters are presented in the 
form of combustion-stability diagrams, which clearly 
indicate the influence on noise production of tunnel 
length and back-plate thickness. 

The “screech” of tunnel burners is considered to be 
due to a form of organ-pipe resonance. The presence of 
the flame, acting as an energy source to drive standing 
waves, suggests that Rayleigh’s criterion should be 
applicable. The results obtained with the model burners 
seem to confirm this theory and also indicate the 
importance of acoustical feedback in the upstream 
direction. It must be pointed out, however, that the 
apparatus used represents a highly idealized system, 
since the upstream acoustic termination was precisely 
fixed. With more practical burners, the effect of injectors, 
manifold, etc., on the acoustic feedback is not yet 
known and should certainly repay further study. 

The results seem to indicate that a correctly designed, 
perforated back-plate burner is slightly quieter than an 
equivalent single-port type. The single-port burner had 
a turndown ratio of approximately 10 : 1 at stoichiometric 
proportions, while the perforated type did not light back 
under any condition. It is not likely, however, that the 
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In this programme, vacuum-pumping was the most 
efficient vapour-removal method, among several dis- 
cussed and investigated. Furthermore, under vacuum, 
the surface-area-to-volume ratio of the filler alloy becomes 
less rate-controlling as a result of boiling. Boiling, 
however, causes porosity in the joint. 

Of the alloys investigated, one containing 61°, 
nickel and 39% indium exhibited the highest remelt- 
temperature rise from volatilization alone, whereas an 
alloy containing 94% nickel and 6% phosphorus res- 
ponded only to dissolution and diffusion to exhibit the 
highest rise in remelt temperature due to this mechanism. 
Ni-Cr-In-Ge alloys exhibited a substantial rise in remelt 
temperature as the result of the operation of both mech- 
anisms. This alloy and the binary Ni-In alloy can be 
considered practical alloys for high-temperature use. 

A direct effect of metallic vapours on wetting and 
flow of the filler alloy was observed and is discussed with 
respect to their influence on surface-tension relationships. 
It has been shown that, in the presence of metal vapours, 
discoloration of the base metal, wetting, flow, and skull 
formation of the filler alloy are functions of the rate 
and quantity of metal-vapour removal. 
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burner would be required to operate with very low gas 
flows. The multi-port burner requires only about 
one-third of the tunnel volume of the single-port type 
ind thus can be made more compact, which may be an 
advantage for certain applications. With high flow rates 
of lean mixtures, it appeared to give more complete 
combustion than the single-port type. No assessment 
of the pressure drop across the perforated back-plate 
was made, but there is little doubt that the burner would 
have a considerably lower pressure efficiency than the 
single-port type. With the same thermal input and using 
the same exit-nozzle diameter, both burners should give 
a similar heating performance. 

The results-obtained so far definitely indicate that, the 
shorter is the tunnel, the less likely is the burner to be 
objectionably resonant. The optimum tunnel length for 
a practical burner must also take into account its heating 
efficiency, and further work is required in order to 
determine the best compromise. It would also appear 
that, the thicker is the perforated back-plate, the more 
silent will be the burner. The reason for this seems to be 
connected with the phasing of the upstream feedback, 
and experiments are being designed to elucidate this effect. 
The whole subject of upstream feedback and the nature of 
standing waves in the manifold and mixture tube is at 
present under investigation, together with the possibility 
of using some form of acoustical damper in order to 
neutralize this effect. 
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A High-Temperature, Vacuum, Axial Fatigue-Testing Machine 


To determine the mechanical and physical properties of 
the refractory metals under non-oxidizing conditions, 
tests can be performed in an inert atmosphere or in a 
vacuum. Many high-temperature tests have been made 
with currently developed refractory specimens and parts, 
but most strength tests have dealt primarily with creep- 
rupture phenomena, and the determination of fatigue 
properties lags drastically behind the determination of 
other properties. High-temperature fatigue data on 
refractory metals is at a minimum, because commercial 
fatigue-testing equipment capable of isolating test 
specimens from oxidizing atmospheres is not available 
and special fatigue equipment has only recently started 
to be developed. 

This paper describes versatile equipment designed to 
test thin-walled refractory-metal specimens in a vacuum 
at different frequencies and temperatures up to 2500°F 
under completely reversed stress, and also under an 
alternating stress superimposed on an either tensile or 
compressive mean stress. Consequently, data can be 
obtained at elevated-temperature conditions ranging 
from predominantly creep (low alternating-stress ampli- 
tude and high mean stress) to that of predominantly 
fatigue (high alternating-stress amplitude and zero mean 
stress). The heating element limits the temperature to 
2100 F, but, since a tungsten heating coil is used, the 
maximum operating temperature can be increased with 
modifications in the coil support. 

The maximum working load for the machine is 
+-2000 Ib, permitting specimens with a nominal cross- 
sectional area of 0-02 sq in. to be subjected to alternating 
stresses up to +100,000 psi. The machine is of the 


Notch Sensitivity in Steel 


THE fatigue strength of a machine part depends on a 
number of factors. Among these may be mentioned the 
type of stress (load spectrum), the desired life (number of 
load variations to fracture), the size and shape of the 
section under stress, the profile depth, the surface finish, 
and the quality of the material used for the part and the 
treatment to which it has been subjected. The influence 
of these factors cannot be calculated, but must be 
determined on the basis of empirical results. Attempts 
have been made to apply such results to formulate rules 
which will enable the influence of the different factors to 
be taken into consideration, interest being mainly 
concentrated on the dependence of fatigue strength on 
stress concentrations (notch effect). 

This paper gives an account of an attempt made to 
compare various formulae for calculating the notch effect 
resulting from stress concentrations in the form of notches, 
fillets, and holes. In order to make this comparison im- 
partial, it has been performed statistically, and since the 
data forming the basis of the theories and the investigation 
are empirical, the result naturally cannot be exact. 
Testing machines yield certain errors, and this must be 
considered. The accuracy of each of the theories is 
given in the form of a mean value and a dispersion. 
When evaluating the theories, preference is given to that 
having the smallest dispersion. 

The paper shows that the best theory has been formu- 
lated by Neuber. With certain modifications suggested 
by Kuhn and Hardrath, and by others, this theory yields 
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constant-displacement type, with the motion, or load, 
applied to the specimen through a horizontal level arm 
and an adjustable connecting rod and eccentric, driven 
by a 1750-rpm, constant-speed motor through a pulley 
arrangement to allow the load frequency to be varied. 
A turnbuckle on the connecting rod can be adjusted to 
compensate for thermal expansion in the specimen and 
grips. It is also used in conjunction with the adjustable 
eccentric to establish the maximum, minimum, and mean 
stress levels. The load is transmitted to the specimen 
through a vertical flex-bar and a calibrated ring dynamo- 
meter, which measures the applied load and consists of 
four active electrical resistance strain gauges fastened to a 
thick-walled ring. 

The evacuated test-chamber is completely visible 
through a pyrex bell-jar seated on an O-ring seal, and 
axial load is transmitted into the chamber through a 
copper-alloy bellows. The stresso in the specimen is easily 
calculated from o = P/A, where P is the axial load 
measured on the ring dynamometer and A is the cross- 
sectional area of the specimen. Since specimens with 
relatively large outside diameters are used and high 
temperatures are present, adequate alignment is not 
difficult to obtain. Also, because the axial displacement 
of the bellows is quite small, even for highly stressed 
specimens, the possibility of the bellows failing in 
fatigue is very slight. 


By E. AGERMAN 


From ASEA Research, Sweden, 
No. 4, 1960, 
pp. 5-46, 74 illustrations. 


such good accuracy that the uncertainty expressed as a 
best estimate of the dispersion of a calculated value of the 
notch factor will be about 6°% for normal carbon steels 
and about 9°% for hardened steels. On the basis of this 
result, a method of calculation, developed with statistical 
reasoning, is described. Provided that both the load and 
the strength of a part can each be expressed with its mean 
value and its dispersion, it is possible to select the most 
economical safety factor (ratio between the strength and 
the load). A low safety factor results in, for example, 
small dimensions at a low cost, but a high risk of fracture. 
When making such calculations, it is assumed that the 
dispersion in the fatigue strength, the accuracy when 
determining the notch factor, the load spectrum of the 
machine part being designed, etc., are known. 

The need for all the investigations to be performed 
with sufficient care became clearly apparent during their 
evaluation. Thus, for example, the WOhler curves on 
which the empirical data are based must originate from a 
sufficiently large number of test specimens. A significant 
difference was established between results from, on the 
one hand, a test series having less than five specimens per 
WoOhler curve and, on the other hand, from test series 
having more than twenty specimens per WOhler curve. 
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Non-Slip. 
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Withstands heavy traffic. 
Strength. Jointless. 
Obviates dust hazards. 
weight. Can be applied to various 
surfaces. Economical and hardwearing. 


AND CHEMICAL RESISTANT 


Ceradek will provide the most likely 
solution to your flooring problems. 
Our technical staff will gladly advise 
you on all aspects of Ceradek installation, 
supplying further details and quotations 


as required. 


so well as... 
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TECHNICAL APPLICATIONS LTD. 
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New Materials, 


Processes, and Equipment 
VOVVUUELUOUUUEUREAUOEDE: EOUEUUUEEEDDEAEDEEOR UA EEDDEAOEETEAAUEEUDEAOEEEOUOEREDTAEEEUGETUAEEEETAUOREDOAEEEETAOEEETUEREEU AEN ET TTA OEE PE ATT E EEE 


Combined Involute and Helix 
Measuring Machines 


The latest additions to the range of gear-measuring 
machines manufactured by the David Brown Tool 
Division, at Park Works, Huddersfield, are their No. 18 
Series combined involute and helix measuring machines, 
which are designed to accommodate spur and helical 
gears having base-circle diameters of from { to 18 in. 
When the centre locating column is in position, these 
machines will admit gears up to 12 in. in diameter, with 
18 in. between centres. Gears with a base-circle dia- 
meter of up to 18 in. can be accepted when the centre 
column is removed. 


The No. 18 Series comprises two main models. Of 
these, the standard machine (No. 18) is equipped with 
the David Brown mechanical recorder, which has a 
magnification ratio of 500: 1, the ratio of graph length 
to slide movement being capable of variation between 
1: 1land3:1. The second model (No. 18T) is a special 
version which incorporates the ‘‘Talymin” side-acting 
gauge-head, with an electronic rectilinear recorder and 
amplifier, giving magnifications of from = 500 to x 5000. 
A gearbox in the recorder permits the ratio of the chart 
length to that of the appropriate slide movement to be 
1:1, 2:1, or 4:1. In both models, variations of the 
order of 0-0001 in. can be accurately recorded. 

For involute measuring, these new testers use the 
principle of individual base-circle discs for each size of 
gear under test, so as to ensure positive setting and a high 
degree of accuracy. The actual procedure for involute 
testing is simple in operation: With the gauging point of 
the recorder stylus located exactly above the face of the 
straight-edge, the base disc, mounted coaxially with the 
gear under test, is brought into contact with the straight- 
edge. Rolling of the base disc along the straight-edge 
causes the gauging point in contact with the appropriate 
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gear-tooth flank to describe the designed involute curve. 
If the flank is a true involute, a straight-line graph will be 
recorded, any deviation from the true involute being 
recorded by the movement of the pen across the graph 
paper. By the same means, modified tooth forms can be 
recorded for comparison with the designed profile. 
Scales are provided on the machine, so that positions 
where departures from the involute form occur can be 
accurately located. 

The procedure for helix testing is also simple to 
apply. By combining vertical movement of the stylus 
with the corresponding rotational movement of the gear, 
the gauging point describes the correct helix. The 
vertical slide carrying the recorder also houses the helix 
disc, rotation of which allows the centre-line of the slot 
machined in its face to be inclined at the base helix angle 
of the gear. The straight-edge, mounted on a sensitive 
slide, is coupled to the helix by means of a block which is 
free to slide in the helix disc slot. An illuminated 
direct-reading microscope is provided for setting the base 
helix angle. The base disc is brought into contact with 
the straight-edge and the gauging point of the stylus into 
contact with the tooth flank at one end of the gear face. 
The movement of the vertical slide causes the stylus to 
traverse axially across the gear face, whilst the helix disc 
moves the straight-edge and causes the gear, mounted 
co-axially with the base disc, to rotate by the correct 
amount. Any deviation from the correct helix, measured 
in the transverse plane of the gear, is thus recorded 


Hand Spray-Gun for Cleaning and 
Lubricating Dies 


Designed specifically for use with pressure diecasting 
machines, a new hand spray-gun introduced by the 
Foundry & Metallurgical Equipment Co. Ltd., of 
Weybridge, Surrey, provides an air jet for cleaning the 
dies and an oil-mist spray for efficient lubrication. The 
air jet and oil spray are independently operated and are 
applied at right-angles to the die faces to permit penetra- 
tion into deep cavities. Positioning of the gun is facili- 
tated by swivel-joint connections for the flexible air and 
oil hoses. The gun is fitted with stainless-steel valves 
and has a single lever-action control that gives immediate 





PRECISION MOULDINGS 


DOWTY and GASKETS 
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Telephone: Tewkesbury 2271 
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response. The density of the spray can be adjusted and 
then locked. 

The gun can be supplied with a single-facing head, as 
shown in the illustration, for spraying one die at a time, 
or with a double-facing head for spraying two dies 
simultaneously. Each head carries a phosphor-bronze 
scraper blade for cleaning flash from the joint of the dies, 
and a suspension hook for hanging up the gun between 
operations. The gun, which is available with tube 
lengths of 8, 12, and 18 in., is supplied complete with a 
I-gal oil container, with filter and hinged lid, and two 
6-ft armoured hoses. 


Oiler for the Controlled Lubrication 
of Strip Materials 


Though basically intended to cater for the need for 
accurate cleaning and lubrication of strip materials before 
feeding into power presses, a new oiler announced by 
Clark’s Press Equipment Ltd., of West Drayton, Middle- 
sex, can also be used to advantage for the application of 
degreasers or thinners prior to follow-on operations on 
strip. 


Providing controlled lubrication, the new oiler, which 
is designed for easy attachment to an automatic press 
feed or press bed, comprises a side-opening box contain- 
ing rotating felt rollers. Individual needle valves control 
the amount of lubricant fed from a storage bottle to the 
core of the rollers, while rubber squeegees at the point of 
entry clean the material as it passes. This method of 
feeding liquid to the inside of the roller ensures that there 
is No open reservoir or excess amount of lubricant. Asa 
result, the lubricator and its vicinity are kept clean and 
there is no wastage. The storage bottle is refilled by 
opening the top half of the box to an inverted position, 
enabling the bottle to be removed or replaced without 
spilling its contents. 


High-Speed Loom for Making Lace 


After several years work at Nottingham University 
on the development of lace looms, Professor J. A. Pope 
and Dr. H. McCallion have invented a new loom for 
making lace at high speed and with reduced labour 
requirements. As a result, it is considered that it could 
help the industry to market genuine lace under more 
favourable conditions than have hitherto been possible. 
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Results obtained with a small prototype indicate that a 
speed five times higher than that of present machines is 
feasible. Possible subsidiary advantages are the produc- 
tion of first-quality lace over the full length of the loom 
and the complete elimination of graphite lubricant. 

The new loom, which is covered by patent applications 
in the U.K. and abroad, and which is available for 
manufacture under licence from the National Research 
Development Corporation, embodies a radically new 
design approach, aimed at reducing the high inertia 
of conventional looms. The loom utilizes stationary 
bobbins and guides the warp threads around the bobbin 
threads by means of rotating drums carrying needles 
which pick each thread from the warp, pull it clear of the 
bobbin, and release it at the appropriate time. The warp 
threads are controlled in position by a steel-bar jacquard, 
as is usual with conventional machines. 

As a necessary corollary to the high-speed lace loom, 
Dr. McCallion has also designed a high-speed jacquard, 
which seeks to overcome the speed limitations inherent in 
conventional punched-card jacquards, though it may also 
be applicable to other textile machinery requiring a 
pattern control system. 


Infrared Spectrophotometer for 
Routine Analysis 


The “Unicam” SP.200 infrared spectrophotometer, 
announced by Unicam Instruments Ltd., of Cambridge, 
is essentially designed for routine analysis, but incorpo- 
rates several features which greatly increase its scope—a 
particularly important factor in cases where users do not 
have access to a large instrument. Spectra are presented 
on charts of foolscap size, ruled with scales linear in 
wavenumber and transmittance. The recorder is of the 
flat-bed type, and the chart carriage is drawn past a 
ball-point pen, the pressure of which is sufficient to 
produce carbon copies, where required. The scan, 
which covers the range 650 to 5000 cm-', is completed 
in ten minutes, only a few seconds being needed for 
resetting. Control, under normal conditions, is exercised 
by one small lever, and the scan can be started and stopped 
at any point. 


The photometer is of the double-beam null balancing 
type, with a Nernst filament as the source. The radiation 
enters the monochromator at a frequency of 10 cps, and 
slits are programmed to pass a level of energy which is 
constant over the range. The level of the programme can 
be varied in cases where, for example, there is strong 
absorption in the reference beam, and the energy of the 
system restored to the normal level. A 60-deg. rock-salt 
prism is used as the dispersing element, and the radiation 
is finally focused onto the Golay detector, whose 
advantages include a large receiving area and a uniform 
response throughout the wavenumber range. The 
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associated electronics are mounted in three small 
chassis, and a monitoring system is provided. 

The instrument is equipped with the standard type 
of slide mounts and will accept the majority of cells in use 
with infrared apparatus, a very wide range being avail- 
able. Special accessories enable expansion of any 
chosen portion of the transmittance scale to be achieved 
easily. Fixed-frequency scanning can also be under- 
taken. 


Adjustable Cartridge-Type 
Flow-Regulator 


A new externally adjustable, cartridge-type, low- 
capacity flow regulator, designed to maintain a constant 
regulated flow, irrespective of variations in pressure, is 
announced by the Fluid Regulator Corporation, of 
Painesville, Ohio. Whenever the inlet flow exceeds the 
valve setting, this new valve, which is constructed of 
stainless steel and anodized aluminium and weighs only 
9 0z, opens to by-pass flow to the reservoir and maintains 
constant flow to the circuit. 


Intended for use in hydraulic circuits requiring a 
low flow, the valve has an adjustable regulated flow 
from 0 to 0-4 gpm approximately, and an adjustable 
total flow-control rate of 5°, within an operating pressure 
range of 600 to 2000 psi. In addition, it has a low 
pressure drop of about 50 psi at 0-1 gpm. 


Low-Cost Nitrogen/ Hydrogen 
Atmospheres from Blast-Furnace Gas 
“Hy-Nitrogen”, sometimes termed HNX, consisting 


of nitrogen with from 1 to 7% hydrogen, is finding 
increasing use in the heat treatment of steel strip and 


sheet. The gas provides a truly inert atmosphere for 
bright annealing and does not form soot on cooling, as it 
does not contain carbon monoxide, while the hydrogen 
is present in sufficient quantities to combine with any 
oxygen leaking into the furnace and also to prevent 
water vapour from causing bluing. 

The demand for this type of atmosphere has led the 
Gas Atmospheres Division of the Incandescent Heat 
Company Ltd., of Smethwick, Birmingham, to develop 
a new process for producing nitrogen/hydrogen mixtures 
from blast-furnace gas at very low operating costs, the 
basic utilities costing less than one shilling per 1000 scf 
of prepared atmosphere. 

In the new process, blast-furnace gas (containing about 
30% carbon monoxide with a small amount of hydrogen 
and the balance nitrogen and carbon dioxide) is first 
partially burned through a specially designed burner 
firing into a well-insulated refractory-lined chamber, 
from which the gases pass through a heat exchanger and 
cooler to reduce the temperature to within a few degrees 
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of ambient. The carbon dioxide is then removed 
through a highly efficient absorber of special design, 
using monoethanolamine solution. The composition of 
the gas leaving this unit is approximately 93 to 99°% 
nitrogen and 7 to 1% carbon monoxide. Steam is 
introduced at this stage, and the gases are preheated 
prior to entering the shift reactor, where the carbon 
monoxide is converted to carbon dioxide and an 
equivalent volume of hydrogen is produced. After 
removal of the carbon dioxide through a second 
monoethanolamine absorber, the wet hydrogen/nitrogen 
mixture leaves the plant. Final drying can be effected to 
any desired level by cooling the gas through a refrigerator 
unit, followed by passing it through a desiccant-type 
dryer. 

The whole plant is designed for continuous operation 
with a minimum of attention or shut-down time, and 
all coolers are suitable for maintenance on the water 
side while the plant is running. Basic designs now 
available cover 10,000, 25,000, 50,000, and 100,000 scfh 
units, but schemes can be prepared for any size of 
installation to meet customers’ requirements. 


Flow Indicators for Opaque Liquids 


Designed to overcome the problem of observing the 
flow of opaque liquids through pipe-lines, the new range 
of “‘Magnetel”’ flow indicators introduced by Sir W. H. 
Bailey & Co. Ltd., of Patricroft, Manchester, is of 
simple and efficient construction and can be used with 
liquids of almost any viscosity. The internal parts of 
the unit, which is equally suitable for indicating flow 
either horizontally or vertically upwards, are readily 
accessible for cleaning while the body is still in the line. 

The indicator incorporates a chamber and, as the 
fluid travels through this chamber, it moves a hinged 
metal flap fitted with a magnet which serves to operate a 
pointer against a scale. As there are no springs or other 
moving parts, the risk of mechanical breakdown or 
jamming is eliminated and, as the pointer and scale are 
in a separate chamber, the fluid cannot obscure the 
viewing window. A particular feature is that the 
indicator can easily be adapted for extremely low flow 
rates, while its fine sensitivity ensures that the smallest 
change in relative flow is shown on the scale. It will also 
accept a wide range of capacities when full flow is shown 
on the scale. 


In cases where the liquid may contain ferrous particles 
which might adhere to the magnet, a special screened 
model is available, in which the magnet is fully enclosed 
in an intermediate chamber. In addition, a special 
switched version can be supplied, in which a switch is 
automatically operated to give a reinforcing audible 
indication of an emergency when flow stops completely 
or falls below a certain rate. 
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POSITIVE 
INFINITELY VARIABLE 
SPEED CONTROL 


Wherever precise speed control is a factor of major importance in a manufacturing 
process, the P.I.V. Drive can be relied upon implicitly. For more than 30 years P.I.V. 
Gears have been meeting and solving just such problems with an outstandingly high level 
of accuracy and reliability. In the P.I.V. Gear power is transmitted positively through an 
all-metal chain making tooth-to-tooth contact with metal discs. Slip is virtually im- 
possible and the uniformly high efficiency remains unimpaired throughout years of use 


BAKERY OVEN 
Courtesy T. & T. Vicars Ltd 








DOUBLE CARPET SHEARING MACHINE 
Courtesy William Whitely & Sons Ltd 





Courtesy Davey Paxman & Co. Ltd | Courtesy B. & F. Carter & Co. Lid Courtesy General Electric Co. Ltd. 


FILTER RUBBER TAPE LAPPING MACHINE | ELECTRICAL FURNACE c 5 








Write for literature giving full list of available ratios, power rating tables, etc. 


STONE-WALLWORK LTD.. 


32 VICTORIA ST. LONDON S.W.I 


Telephone Abbey 7681 Telegrams Stonwalabb London 
WORKS: BLEASBY STREET, OLDHAM, LANCASHIRE 
Also manufacturers of Worm Reduction Gears, Piece Goods Stamping Machines and Light Alloy Bobbins for the Textile Trade. 
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Full technical 


data on request 


The Comet at 600 amps. provides the 
highest productivity of any CO, semi- 
automatic on the market, a low hydrogen 
deposit and no porosity, even on heavily rust- 
ed plate. The very high currents are made 
possible by the special flux-intercalated-wire 


Illustrating Wire Cross-section 


which provides an even distribution of 
flux over the cross-section of the wire, 
which in turn gives droplet protection 
during transfer across the arc. The Comet 
Mark II can utilise existing AC/DC power 
packs. 


ROCK WELD «: 


COMMERCE WAY CROYDON SURREY Telephone: CROYDON 7I6I 
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it’s time to 


the possibilities of 


Progress to date proves that there are 
immense possibilities in industry for Tensator 
Springs and Motors. 


Many existing products are wide open to 
improvement by the application of one or 
other of the basic Tensator forms. Entirely 
new applications can be designed to utilise 
the valuable Tensator characteristics. 


TENSATOR 


EXTENSION SPRINGS 


can be supplied for loads of 5 grammes to 82 
Ib., and for extension 0-40 feet. 


IF YOU HAVE A POSSIBLE APPLICA- 
TION IN MIND fill in and post the coupon 


explore 


CONSTANT 
FORCE 
SPRINGS 


Please give the following details: 

1: Load 
: Extension 
: Total number of operations per day 
: Expected life years 


: Carbon or stainless steel 


| Space available 





Address 


EXTENSION 





To TENSATOR LTD., Acton Lane, London, N.W.10 
Please send design and quotation to: 


Name of firm 


For attention of 





EXTENSION SPRING 





TEN OR 


Member of the 
BECLAWAT 
Organisation 
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Spring required for 


Quote for quantities 








LES Bolts, Nuts 


Set Screws, Studs, 
Machine Screws, 
Wing Nuts, Dome Nuts, 
Flat and Spring Washers 


FREDERICK MOUNTFORD (BIRMINGHAM) LIMITED 
Fremo Works, Moseley Street, Birmingham, 5 
Telephone ; MiDiand 7984 PBX Telegrams : Fremo, Birmingham 





If you require pressings consult Ward f - 
(Metal Details) Ltd. We are specialists | 
in the manufacture of all types of small F 


and medium pressings of any shape, size 


and thickness, in steel, tinplate, copper 

etc. from which complete assemblies can 

be fabricated by welding, soldering or 

brazing. W A ~ D & 
lilustrated here are some examples of 2 


our products, and similar components (arlenartiealean 
can be produced to your own specifica- 
tion and design, and supplied in painted, 


plated or enamelled finishes. DARLA STON STAFFS 
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Make an instrumental note... 


that if you have anything to analyse, to measure, 


inspect, or survey, the people to help you are Hilger & Watts. 
Autocollimators, Block Levels and Clinometers, Circular 
Division and Angle Measuring Instruments, Dividing Engines, 
Linear Measuring Machines, Microscopes, Gauge Interferometers, 
Optical Flats, Angle Gauges, Polygons, Etc., Scales and Circles, 


Projectors, Analytical Instruments, Surveying Instruments. 


HILGER AND WATTS LTD - 98 ST PANCRAS WAY - LONDON - NW1 
HILGER & WATTS LTD., DORTMUND HURDE, GERMANY HILGER & WATTS INC., CHICAGO 5, U.S.A 


FEBRUARY, 1961 Volume 22, No. 2 119 





British Bellows 
Hydro-check 
send 

output soaring ! 


For instant response by machines and production, install British Bellows Hydro-checks. 
Light and heavy duty models are available, both of which can be fitted with stop and skip 
valves, as required. Standard units give infinitely adjustable speed one way with fast 
return—double-acting models allow independent speed control of feed in both directions. 
Hydro-checks are also available with built-in air cylinders and integral valves. Write 
for booklets, ‘‘Do it Yourself Automation’’ and ‘‘S. K. 100.”’ 


C Bellows -\alvair LTD. 


Write for literature to the BRITISH BELLOWS DIVISION of GEO. H. HUGHES LTD.. 
EDGEMOND AVENUE, TYBURN, BIRMINGHAM, 24. Telephone: ASHfield 1183 
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GAS FLOW , i aE 


Cu. ft./Hr. 
Coal Gas @ 


INDICATORS | Ee 
i : 8) 
Direct Reading, variable aperture 60 
type, from 0 to 150 Ib./sq. inch. : 
For all types of gases; can be calibrated 
to customers’ requirements. Brass 
body, stoved black crinkle finish. 
Cast Iron Body for Corrosive Gases. 
Scale Plate in black crinkle, chrome 
or polished brass. 
All Unions, etc., chrome plated. 
Stainless Steel Float, in clear glass tube. 
Customers when ordering should state— 
(a) Specific Gravity and 
Working Pressure. 
(6) Maximum and Minimum 
Rates of Flow. 






































SHOVAS [LHORP & C007 /) 
MLSE E/E LD Af, DOSTES 








METRA 
OPTICAL PYROMETERS 


serve for speedy, easy and reliable 
measurements of high temperatures 


PYROMET | 
for temperatures ranging from 
700 to 1500°C 
1200 to 2300°C 


PYROMET Il 
for temperatures ranging from 
700 to 1500°C 
1400 to 3500°C 





Exported by 


KOVO 


Prague, Czechoslovakia 





Please send enquiries to: 


CZECHOSLOVAK EMBASSY, 
Commercial Section, 
6, Upper Belgrave Street, London, S.W.1 


Tel. SLOane 1450 
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a light to guide the designer who seeks 
more efficient ways of making cylindrical products 
to close tolerances. In these precision hollow 
extrusions, the integral ends, with their wide 
possibilities for internal and external forms, obviate 


costly machining and assembly 


REYNOLDS 


A leaflet No. H.E.15 explaining Reynolds Hollow Extrusions more fully 
will be sent on request, or our technical staff will be pleased to advise you 


REYNOLDS TUBE CO. LTD. * TYSELEY ° BIRMINGHAM 11 E9 





COUPLING 


World famous for gutstanding per- 


formance and reliability. Made ina 
wide range of types, all employing the 
same basic principle of Bibby design. 


Special types include: Brakewheel, Cardan 
Shaft, Turbine, Shear pin, Controlled 
Torque, Spacer and others. 


THE WELLMAN BIBBY COMPANY LIMITED, PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 
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That’s where you'll find Crofts ‘Ritespeed’ geared 
motors and reduction gears; like these three hori- 
zontally mounted flanged units on a dual-purpose 
bevelling machine. With all their advantages how 
could ‘Ritespeeds’ be anywhere else? Compact in 
design, obtainable for mounting in any position, 
available from fractional to 80h.p., with ratios up to 
82:1, it’s no wonder ‘Ritespeed’ are on top. 

Send to-day for Publication 5737A/J, which gives 
more details; and, while you’re about it, ask for 
information on the other ‘Ritespeed’ units shown 
here, too. 


Orofs 


THORNBURY BRADFORD 3 YORKSHIRE Telephone: 65251 (20 lines) Telegrams: ‘ Crofters B c 
Branch offices: London, Belfast, Birmingham, Bristol, Cardiff, Dublin, povich, Pn any Soy seg 


Sheffield, Stoke-on-Trent 





CROFTS (ENGINEERS) LIMITED 


POWER TRANSMISSION ENGINEERS 


' Telex: 51186 WORLD-WIDE REPRESENTATION 
Liverpoo!, Manchester, Newcastle, Northompton, Nottingham, 
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For NEWMARKET TRANSISTORS LTD. 


a member of the PYE group of companies 





Continuous mesh belt conveyor furnace alloying germanium 
in the manufacture of Newmarket transistors. 

Maximum temperature ; 1000°C, 

14” belt travels at O—12” 


per minute. 


The cost of a specially designed 
furnace is no more than for standard 
plant. Judge for yourself— 

For your next furnace get a quotation 
from Royce. 


ROYCE ROYCE ELECTRIC FURNACES LIMITED 


A ROYCE SPECIAL 


ALBERT DRIVE SHEERWATER ‘ WOKING - SURREY 
Telephone Woking 5401-4 





ndustrial ‘AIRFLO’ WORKS, BIRMINGHAM, 11 


Phone: Birmingham ViCtoria 2277 
an & HEATER CO. LTD. and at LONDON, MANCHESTER, SWANSEA 


A MEMBER OF THE SIMMS GROUP 
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Wherever you are — you're close to 





Use these central warehouses 
zerite, "phone, call: 
LONDON 
Angel House, Pentonville Rd., N.1 
TER 0533 
BIRMINGHAM 
99 Wenman St., Birmingham 12 
CALTHORPE 4136 
OLDHAM 
Huddersfield Rd., Oldham 
MAIN 8114 (5 lines) 
EDINBURGH 
28 Baltic St., Edinburgh 6 LEITH 36407 


GLASGOW 
13 Bath St., Glasgow DOUGLAS 3260 
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Compofiex 
service 


BRITAIN'S LARGEST PIPE/HOSE/TUBE SERVICE 


Pipe needs ? Special types—or stock requirements ? 

Get them—and get them fast—from COMPOFLEX. Strategically- 
situated warehouses can meet your requirements quickly—from 
stock, The unique COMPOFLEX services can develop special types 
for special jobs. Extensive technical literature is available. 

For all these services—get in touch with COMPOFLEX. 


THE RANGE OF TYPES: Air hoses (composite), suction and delivery hoses 
(composite), rubber hose, seamless metal flexibles (helical and parallel convolu- 
tions), interlock metallic flexibles (exhaust and pressure types), plastic tubing 
(P.V.C. and polythene). These types in hundreds of sizes and gauges provide 
an almost unlimited range of pipe/hose!tube from stock, 


Compofiex 


co LTD 


HEAD OFFICE: PADDOCKHALL ROAD, HAYWARDS HEATH, SUSSEX 
TEL: HAYWARDS HEATH 1831/5 
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PALLADIUM 
containing 
brazing alloys 

made 
this possible 


These components of the astern nozzle box 
assembly of a gas turbine engine were 
successfully joined by the use of SCP3 
palladium-containing brazing alloy. 

They are part of the free-piston gas turbine 
engine of the ore-carrying ship Morar. 
(Photograph: Rankin & Blackmore Ltd.) 





If you have a brazing problem which involves 
reliable service at high temperatures or other 
exacting conditions, send for 


‘BAKER SPECIAL-PURPOSE 
BRAZING ALLOYS' 











IN MANY FIELDS, palladium-containing alloys make higher 
standards of brazing possible. They give great strength and 
corrosion resistance, especially in high-temperature applications 
which call for the brazing of high nickel alloys. 


A range of brazing alloys has been developed and full information 
is available on their compositions and brazing temperatures. 
These alloys have already been successfully used in applications 
ranging from radio valve construction to aircraft turbines. 





Write to: (ENGELHARD INDUSTRIES LTD) BAKER PLATINUM DIVISION 





52 HIGH HOLBORN LONDON WC1 TELEPHONE CHANCERY 8711 
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AIRMEC AUTOSET 


cal bal 


for automatic | 


POSITIONS THE WORK 

Autoset automatic co-ordinate setting equipment 
provides accurate automatic control of the lead 
screws of a co-ordinate table. It enables the table 
to be positioned automatically by means of a 
punched tape (containing co-ordinate information 
for up to 400 operations)*or manually by means 
of a series of knobs and dials. 


SELECTS THE RIGHT TOOL 
Facilities are provided for selecting one of up to 
ten tools and for controlling a large number of 
other variables such as tool rates, feed depths and 
spindle speeds. 


ROBUST AND RELIABLE 
No electronic valves used. 

EASY MAINTENANCE 
Autoset has been designed for trouble-free service 
and easy maintenance. 


CUTS OUT ERRORS 
Autoset is highly accurate—automatic compens- 
ation is provided for table backlash 
and cumulative lead screw errors. 


CUTS THE COST 
A complete equipment for auto- 
matic control in two dimensions, 
including tape punch costs only 
£1,500. Manual control consider- 
ably less. 


Descriptive leaflet No. 186 on request. 





Autoset fitted to 
Wadkin TCD. Full 
details available from 
Wadkin Ltd., Green 
Lane Works, 
Leicester. 








Wronee 
AUTOSET 


Low cost tape control 
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That 
high speed ¢ 
feeling 


KERAUNOS fHigh Speed 
Steel Hacksaw Blades offer 
exceptional wear-resistance 

in cutting hard and tough 
materials such as Nickel- 
Chrome Steels, Stainless Steels, 


Tool and Gauge Steels 


Hacksaw Blades. 


Write for your copy of our 
new helpful booklet ‘*‘ What 
you should know about 
Hacksaw Blades ’”’ 

and see how you can effectively 
improve production and 
reduce machining costs 

by using KERAUNOS High 
Speed and PAX Low 

Tungsten Hacksaw 

Blades 


SANDERSON BROTHERS AND NEWBOULD LIMITED 
Attercliffe Steelworks, P.O. Box 6, Newhall Road, Sheffield 9 
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A\TLILIBIN Ba oy xet ca (on: 


EPICYCLIC GEARING 


for INDUSTRIAL and MARINE applications 


Please address all enquiries 
for gearing to 


W. H. ALLEN SONS & CO. LTD., 
ATLAS WORKS, PERSHORE, 
Worcestershire. 


The most compact speed-reducing or speed-increasing arrange- 
ment for all types of prime movers and/or driven machinery 


mal W.H.ALLEN SONS & C° L™ 
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HACKSAW HACKSAW 
FRAMES al BLADES 





Steadfast Hacksaw Blades are available mm, S C Si iO% Vol [ Ak S r Oo 0 ) 
; Lo 
BL 


aie SPEEO 


in a range of types and sizes to meet Rie 
every cutting requirement. ween 


FLEXIBLE HIGH SPEED BLADES OR = —E=— 

ALL HARD for cutting hard steels, 2 eat: aS 1S I=05 
alloys and difficult materials under 5a “HIGHSPEED 

arduous conditions. 

COBALTCROM ABRASION RESIST- 
ING are a special type of blade far 
superior to all low tungsten types. 
TUNSIL AND LOW TUNGSTEN for 


general use. Flexible or All Hard 
types available. 



































Plastic packs of six 10 in. or 12 in. blades. Tunsil 
quality of varying teeth pitches are available. 





The Steadfast Hacksaw Frame is a new type with 
shatterproof handle of amber plastic. Adjustable 
oval tube frame, chromium plated. Packed in a 
plastic wallet with spare blade. 


Be prepared for the ever- 
growing demand for 
Steadfast Hacksaw 
Blades and Tools. 


DARWINS TOOL DIVISION 


Me ee ee Oe MANOR WORKS ,- Steerer es Di, 





s1s9 
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PROFILING & SWEARING 
CONTROL 


on rae OVMTD 


TWO-DIMENSIONAL 
COPY-MILLING 
MACHINE 


These most recent additions to our range 
of C.V.M. Vercical Milling Machines have 
passed all tests with flying colours and 
are now avaiiable for cariy delivery. 


COPY MILLING 


Copy milling of two-dimensional contours 
is achieved through automatic electronic 
control of the table traverses. This tech- 
nique is applicable to workpieces within 
the capacity of the machine table. 


Nettie -cetnaairncommecerion  caneeassel 


STEERING 


When milling complicated shapes simul- 
taneous control of longitudinal and 
transverse table feeds allows direction 
of travel of the cutter in relation to 
the work to be “Steered” through 
360 degrees. This increases cutting 





efficiency by eliminating idle travers- 
ing of the table. 


Working surface of table 


S4in. x 16in. 
Spindle Nose to Table 


Min. Ifin. Max. 24in. 
Spindle Driving Motor 1Ohp. 
Spindle Speeds up to 1600 rpm 
Table Feeds up to 48 ipm 


Table Rapid Traverse 72 ipm 








New Holden advance with 


DU IRWUISiO}E 


WATER THINNED STOVED COATINGS 


Based on “ESYDROL R 





Thin with water. 
Hot Spray, Cold Spray or Dip. A brand new 


For Application to Ferrous and Non-Ferrous Metals. HOLDEN 


Optimum Corrosion Resistant Properties. development 


No Fire Hazards. 











Ask us for full technical details: 
ARTHUR HOLDEN & SONS LTD 
BORDESLEY GREEN ROAD - BIRMINGHAM 9 





Capstan and Automatic 
E Work and Sheet Metal 


_ Pressings in any Metal, 


] any Finish, any Quantity 


GRIFFITH 


EMPIRE WORKS 
PARK ROAD 
BIRMINGHAM.18 


eel bam hen | e 
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HEENAN-MARLEY 
DOVE TEF FTO w 
AAaTATTOoOWE EF S 


Heenan Mariey Series @ Aquatower installed at Barclay s Bank Head Office London 
Contractors for Cooling Plant, Benham & Sons Limited 


The wide range of HEENAN-MARLEY and HEENAN WATER COOLERS is of the most 
efficient design-for the continuous cooling and recirculation of the water required in 
any process in which heat must be removed by water. Applications include - industrial 
refrigeration plants; air compressors; diesel, gas and petrol engines; process machines, etc. 


HEENAN _Ajusto-Spede 


Eractional EXorsepower Drive 


For automatically ensuring MAXIMUM production in almost every industry we offer the 
widest range of Variable-speed Drives from Fractional Horse-Power upwards-the Heenan 
Ajusto-Spede and Dynaspede and the Heenatron- all giving 

VARIABLE SPEED FROM A.C. MAINS 
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The ever-changing pattern of the 
industrial world places the 
greatest demand upon engineering 
resources. 

Heenan & Froude Ltd. have always 
been foremost in meeting the 
challenge, and today, enjoy an 
international reputation second to 


none, 


PT WwWA Mon pETs =z ws 


ATHRORAEFT ST 2Bwoinw wz 
TEsaxr FLAN TT 


Iw Pw Ss TET AX. 
INWOIN ET ERATORS 


BALING FY EBTWSS EDS 


HEENAN & FROUDE LTD 
ENGINEERS 
WORCESTER - ENGLAND 





rs 7A 
as smooth as a — 
ga 


Gloucester Casting 
an WHE: 


» 


—-< ee ———-- ..... 


The smoother and cleaner the casting the more accurately 
it fits into the machining jigs allowing saving of time 
during machining process. At Gloucester, Malleable iron 
castings are as clean as modern science and machines can 
make them. Superb core making equipment, careful 
analysis of sand at every stage of the core making and 
moulding processes, the use of special mould and core 
dressings, ensure clean castings, even as they leave the 
“knock out” bay for final fettling. The elevator type 
electric-furnace anneals in 48 hours instead of the usual 
7 days. It also allows greater control of the casting during 
annealing, resulting in uniformity of metal, greater strength, 
and — a smoother, finer skin. Gloucester can handle large 
runs of malleable iron castings for the automobile, railway, 
electrical and farming industries. 
Gloucester are always willing to visit customers and help in the 
design of castings to save time and cost in production. 
Right: 
Spring mounting 
bracket in 
Malleable Iron 
Weight 84 Ibs. 


Left: 
Vehicle pinion housing in 
Malleable Iron. Weight 28 Ibs. 


A typical Gloucester Malleable specification. 





Gloucester Gloucester Lamellar 
Blackheart Malleable Pearlitic Malleable 





Elongation oi 18% Elongation es s% 
Yield Point -.» 2 tons Yield Point -. 24tons 
Tensile Strength 25 tons psi Tensile Strength 35 tons psi 














Gloucester Foundry Ltd., Emlyn Works, Gloucester 
Telephone: Gloucester 23041 - Telegrams: ‘Pulleys’ Gloucester 
A Subsidiary of the Gloucester Railway Carriage & Wagon Co. Ltd. 
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DID YOU KNOW 
that we specialise in 
HARD CHROMIUM 
on piston rods ? 


Note carefully these Special Features 
of our Service 











* Special Centreless Polishing 
echniques for Preparation 
and Finishing of Rods. 
% Controlled Deposits from 
-0002”—.0015”. 
x Any Length from 1”—10’. 
%* Full Co-operation with Customers’ 
Production. 
%*& Quality Work at Competitive Prices. 


Can you afford NOT to see samples of 
our Work? (if necessary our very high 
Finish is prepared from ordinary Selected 
Drawn Stock). Why not write or tele- 
phone today ? 








ATLAS PLATING WORKS LTD 


Avenue Road, Acton, London, W.3 
Telephone : ACOrn 1102-3-4 











@ Made in 12 popular sizes @ Will fit any 
V to V Variable Speed Pulley@ Installed in 
a few minutes @ Resists side pressure 


H. BRAMMER & CO. LTD., HUDSON ROAD, LEEDS 9. 
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NO MORE 
D.C. MOTOR 
PROBLEMS ! 


E.P.E. turn D.C. problems 
into 0.C. motors” .... 


Not long ago, many people thought 
it impossible to get D.C. motors 
quickly and at a reasonable price 
Some people still think so 


They don’t know about E.P.E 


*E.P.E. specialise in D.C, equip- 
fem, combining theirmany years 
experience in thisfield with a keen 
interést in. new techniques. They 
can supply D.C. motors and 
generators of any enclosure 
quickly and at a reasonable price 


If you’ve a D.C. motor problem, 
why not bring it along to E.P.E ? 
If they haven't a solution in stock, 
they'll be happy to make one for 
you ! 


ELECTRICAL POWER 
ENGINEERING CO. (B’ham) LTD. 
Bromford Lane, Birmingham 8 


"Phone : STEchford 226! 
"Grams: Torque ‘Phone Birmingham 
London Office 421, Grand Buildings, Trafalgar 
Squore, W.C.2 ‘Phone: WHitehall 5643 and 7963 


o* 
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THE FLUID GLUTCH FOR ELECTRIC MOTOR DRIVES 


The fluid clutch combines a fluid and centrifugal 
coupling, utilising the best features of each type. 
It provides a really smooth take up from rest 
while the centrifugal element ensures a 
positive drive with cool running. 

With the fluid clutch the electric motor is 
permitted to accelerate to its full speed in the 
shortest possible time and the current quickly 
falls to a safe value while the load is accelerating 
under the influence of a substantial torque. 


WRITE FOR DETAILS OF THIS INTERESTING UNIT 


SELF-CHANGING GEARS LTD 
Patentees and makers of ‘Wilson’ Gearboxes LYTHALLS LANE - COVENTRY - ENGLAND 





6 meet eve 
in current - 








Gee. 1895 


ERMETIC pypREP CO.LTD 


: * ° Telephone: E 3638/9 
“Hermetic” Works, Priory Rd., Birmingham 6 Grams: Hermetic, Birmingham 
ae cl 


THE ENGINEERS’ DIGEST 





HEAT EXCHANGE EQUIPMENT 
DESIGNED TO MEET THE REQUIREMENTS 
AND STANDARDS 

OF THE MODERN ENGINEER 


Serck design and manufacture a wide range of Heat 
Exchange equipment for use in every industry and 
for every type of application. A first class 
Technical Advisory Service supports the products 
of Serck, into which have been embodied the 
extensive research and cumulative practical 


experience of 40 years and more. 


WATERWORKS 
GENERATING PLANT 


The illustration shows 
the Serck Coolers fitted 
to the Crossley-Laurence 
Scott 635 KVA alternator 
sets recently installed in 
the main pumping 
stations at the Southern 
and South Essex 


Waterworks Companies. 


: 1 Pe WY Wied Oe 
ESS ike 


SERCK KADIATORS LIMITED BIRMINGHAM 11 


THE 
SERCK 
Telephone: VICtoria 4353 Telegrams: ** Serckrad” 


GROUP 
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With a complete range of 
dependable hoisting, 
loading and handling 







BOX LATTICE CRANES 


equipment, Aabacas offer 
you over forty-eight years” 
experience in the science 

of saving time, space and 
production costs 


AABACAS 


... first name in ELECTRIC CRANES, TELPHERS & HOISTS 
‘ Send now for complete reference catalogue to Sales Dept., 
AABACAS ENGINEERING CO. LTD. Head Office & Works: GRANGE RD., BIRKENHEAD. Telephone: 6673 


London Office oa 






ST. MARTINS HOUSE, 29 LUDGATE HILL, E.C.4 
Tel: CIT y TS31-2 





TO INDICATE CONTROL OR RECORD 
TEMPERATURE 


~ CAPSTAN 
_ AUTOMATIC 


_ AND SPECIAL 
TURNED WORK 


ALSO 


FORGINGS 


AND 


_ PRESSINGS 





For accuracy, ease of reading, robustness, economy and long, trouble free 


wit ee oT | ARM STRONG STEVENS 
3 £ SON - LTD 
ototherm WHITTALL STREET 


INGHAM 4 


6.710 





BI-METAL MERCURY-IN-STEEL VAPOUR |PRESSURE Bl R 
THE BRITISH ROTOTHERM CO.KLTD. , - 
Merton Abbey, London, $.W.19 LiBerty 7661 (6 lines) . 
Midland Factory : Hollis Street, New Basford Nottingham 77847 


“, 














Men who 
brew beer use 


“BROOMWADE” 
Air Compressors 


Compressed air is widely used for various processes in 
brewing. 

Phipps Northampton Brewery Company Limited installed 
their first ‘‘BROOMWADE” Air Compressor in 1924. Now 
they have ten in constant operation—one of which has been 
in service for 33 years. They have recently replaced three of 
these compressors with the latest Type C660 Dry Cylinder, 
Carbon Ring Models, specially designed and constructed to 
supply clean oil-free compressed air. 

“BROOMWADE” Air Compressors have served this 
famous brewery well for 36 years—a remarkable tribute to 





Three of the latest type 
“BROOMWADE” Type C660 
Carbon Ring Oil Free Air 
Compressors installed by 
Messrs. Phipps Northampton 
Brewery Company Limited, by 
whose courtesy this photo- 
graph is reproduced. 

Chief Engineer: Mr. T. H 
Cockerill A.M. Inst. B.E 


“BROOMWADE” Type 
C660 Dry Cylinder Carbon 
Ring Single Stage Air Com- 
pressor delivering 100 c.f.m 
of OIL-FREE compressed air 
at 100 p.s.i. Speed 600r. p.m. 








the outstanding characteristics of all “BROOMWADE” 
equipment— 
ECONOMY, EFFICIENCY and RELIABILITY. 

“BROOMWADE” manufacture a wide range of station- 
ary air compressors with outputs from 2 to 2,200 c.f.m. of 
free air at 100 p.s.i. including models specially designed to 
supply clean, oil-free compressed air. They are backed by a 
world-wide network of works trained technical representa- 
tives and service engineers. 


Write for full details 


Air Compressors and Pneumatic Tools 
Broom & Wade Ltd., P.O. Box No. 7, High Wycombe, Bucks. 
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Your Best Investment 


Telephone: High Wycombe 1630 (10 lines) Telex: 83-127 
8241 SAS 
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Two heads are better than one 


How Wharton service backed by years of experience can help you. 


From the moment of conception in planning craneage 
for a new plant, works, or the installation of a 
replacement crane the Wharton technical represen- 
tative can be of invaluable service. 
By carefully studying the problem with the customer, 
Wharton can incorporate his needs; at the same time 
using their experience to ensure equipment supplied 
gives complete satisfaction. 
pee tony ec gt we pet > ee Whether your needs concern a 200 ton overhead 

write for it today. pare , electric crane or a light electric hoist it will pay youto 

call in Wharton, we have a head for cranes and 


lifting problems—and you can use it! 


THE (HORTON CRANE & HOIST CO. LTD. 


REDDISH STOCKPORT ENGLAND 


Phone : Heaton Moor 2227. Grams : “ Gallant, Manchester.” Code : Western Union. 
LONDON: Lincole House, 296/302 High Hol Pr Chancery 7911 r Chancery 7911 
sc OTLAND and NORTHERN COUNTIES fe don os & Co. Ltd , 25 Biythswood Square, Glasgow C. 2. Phone: Central 69176 on Gorbaxco, Glasgo: 
MIDLANDS A. R. Holland & Son, 89 Cor r rmingham : r $s Central 1457. Burmingham 
Penarth 58527 ; 
“* whe mow Belfast 23743 
wer Rathmines Road. Dublin i r Dublin 93510 
Melrose 1.3526. Us Mareuipco, Montreal. 





Ave 
661 Fifth Avenue, Vancouver 9. B.C 
Mumford, Mediand Led. 576 Weil Sereet, Winnipeg, Manitoba Phone> 37-1 7-187-1 ‘ 
SOUTH AFRICA: Kenneth Ray Ltd. P.O. Box 5662, 34 Ameshall Street, Braamfontein, Johannest rg. _. Saiitiogien br Gem 


REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD 
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Holroyd, John, & Co. Led. 
Agency—Ripley Preston & Co. Ltd 
Horstmann Gear Co. Ltd., The 
Agency—Trowbridge Pritchard & Co. Ltd 


1.C.1. (Plastics) Led. 
Agency—S. H. Benson 
ideal Fabbrica Italiana Trapani 
Imperial Aluminium Co. Led. 
Agency—Service Advertising Co. Ltd. 
Imperial Chemical Industries Ltd. 
Agency—Everetts Ltd. 
industrial Fan & Heater Co. Led. 
Agency—Sinclair Advertising Ltd. 
Intermit Limited 
Agency—Sandbrook, Metcalf & Co. Ltd. 
International Meehanite Co. Ltd., The 
International Plastics Engineering 
Agency—Basi! Butler Co. Ltd. 
lsopad Ltd. 
Agency—E. W. Barney Ltd. 


Jacobs Mfg. Co. Ltd. 
Agency—Crane Publicity Ltd. 
Jenkins, Robert, & Co. Ltd. 
Agency—W. Hopwood & Co. Ltd. 
Johnson Foster, H., Ltd. 
Agency—Pickersgil! Publicity Service Ltd. 
Jones, A. A., & Shipman Led. 
Agency—Sterling Advertising Ltd. 
Joy-Sullivan Led 
Agency—Ross Woodroff Ltd. 





check rust 


Rust preventives: 
Most of the Croda range are 
based on lanolin called the finest 
organic metal protective compound 
by the National Physical Laboratory. 
As manufacturers of lanolin, 
Croda can offer rust preventives 
at highly competitive prices 


Metacon rust remover: 
not only removes all rust from 
ferrous metals but also in the 
same operation gives the metal 
a rust preventive coating 


Strippable coatings: Crocell: 

hot dip thermoplastic coating 
protects metal parts from 

corrosion and mechanical damage. 


Rhinohide : 
tough plastic applied by spraying, 
protects large parts 


Dewatering rust preventives: 
lanolin based dewatering oils 
remove all moisture from metal and 
leave an oily preventive film on 
the surface 
Magisol : 

special solvent blend removes 
grease and oil from metal surfaces. 


Croda 
Snail 
and Lond 


Verve 
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Kayser, Ellison, & Co. Ltd. 

Keelavite Hydraulics Ltd. 
Agency—Cogent Advertising Service Ltd. 

Kendall & Gent Led. 
Agency—Associated British Machine 

Makers Ltd. 

Kenilworth Manufacturing Co. Led. 
Agency—Crossley & Co. Ltd. 

Kovo 


Lang Pneumatic Ltd 
Agency—). Peers and Associates Ltd. 
Laycock Engineering Ltd. 
Agency—Centra! News Ltd. 
Lewis Spring Co. Ltd., The 
Agency—tLongleys & Hoffmann Ltd. 
Ley’s Malleable Castings Co. Ltd 
Agency—H. Raymond Morgan 
London Shafting & Pulley Co. Ltd. 
Agency—Nige! Rainbow & Partners Ltd. 
Long Meadows Felt Co. Ltd 
Agency—Severn Publicity Ltd. 
Lycett, F. C., Led. 
Agency—C. S. Advertising Agency 
Lyon, Arthur, & Co. (Engineers) Ltd. 
Agency—Howard Pantor Ltd. 


Menrow Limited 
Agency—Ripley, Preston & Co. Ltd. 
Mercedes-Benz 


Agency—Heumann Werbegeselischaft. m.b.H 


Mercer, Thos. (Air Gauges), Ltd. 

Agency—WNige! Rainbow & Partners Ltd. 
Metal Sections Ltd.. 

Agency—Sandbrook, Metals & Co. Ltd. 
Midland Industries Led. 

Agency—A. A. Black Ltd. 

Midland Silicones Ltd. 

Agency—Roles & Parker Ltd. 
Minganti & Co. 

Mirrlees, Bickerton & Day Ltd. 

Agency—Rowlinson-Broughton Ltd. 
Mobil Oil Co. Led. 

Agency—Masius & Ferguson Ltd. 

Mond Nickel Co. Led. 

Agency—T.G.A. Co. Ltd. 

Monks & Crane Ltd. 

Agency—Sandbrook, Metcalf & Co. Ltd. 
Mono Pumps Ltd. 

Agency—Ripley Preston & Co. Ltd. 
Morgan Crucible Co. Ltd., The 
Morris, B. O., Ltd. 

Agency—Cogent ~~ Nahant Service Ltd. 
Mountford, Fdk., Ltd 

Agency—S. O Toon & Heath Ltd. 


Neill, James, & Co. (Sheffield) Ltd. 
Agency—/j. K. Clayton Adv. Agency Ltd. 
Newall Group Sales Ltd. 
Agency—J. Peers and Associates Ltd. 
Newton Chambers & Co. Ltd 


Index (continued) 


P.R. Motors Led. 

Agency—A. A. Black Ltd. 
Parmiter, Hope & Sugden Ltd. 

Agency—Donald Macdonald (Advertising) Ltd 
Perry Barr Metal Co. Led. 

Agency—Tom C. Gough & Partners Ltd. 
Pioneer Oilsealing & Moulding Co. Ltd. 

Agency—Hyde i Partners Ltd. 
Pitman, Sir Isaac, & Sons Led. 
Podmores (Engineers) Ltd. 

Agency—Maurice & Parker Ltd. 
Pollard Bearings Ltd. 

Agency—Hedley, Byrne & Co. Ltd. 
Polypenco Ltd. 

Agency—Anthony Handley Adv. Ltd. 
Price, J. T., & Co. Led. 

Agency—A. A. Black Ltd. 
Pye Electric Co. Ltd 

Agency—Arkes Publicity Ltd. 
Pyrene Co. Ltd., The 

Agency—Nelson Adv. Service Ltd. 


Quasi-Arc Ltd. 


Agency—f. C. Pritchard Wood & Partners Ltd 


Ransome & Marlies Bearing Co. Ltd. 
Agency—Ruddocks Advertising Agency 
Refined tron Co. (Darwen) Ltd. 
Agency—Stowe & Bowden Ltd. 
Renold Chains Ltd. 
Reynolds Tube Co. Ltd 
Agency—Ripley Preston & Co. Ltd. 
Richards, Charles, & Sons Ltd 
Agency—Longleys & Hoffmann Ltd 
Richardsons Westgrath (Hartlepool) Ltd. 
Agency—Notley Advertising Ltd. 
Rockweld Ltd. 
Agency—john Mitchel! & Partners Ltd. 
Rockwell Machine Tool Co. Ltd. 
Agency—john Mitchel! & Partners Ltd. 
Rocol Ltd. 
Agency—Nevin D. Hirst (Advertising) Ltd. 
Rotameter Mfg. Co. Led. 
Agency—Geoffrey Dadd Ltd. 
Rotherham & Sons Ltd. 
Agency—George Murray Advertising Ltd. 
Rovetta Baldo 
Royce Electric Furnaces Ltd. 
Agency—Nige! Rainbow & Partners 
Rubert & Co. Ltd. 
Ryder, Thos., & Son Led. 
Agency—W. S. Crawford Ltd. 


Salter, Geo., & Co. Ltd. 
Agency—Seven Publicity Ltd. 
Sanderson, Bros., & Newbould Led. 
Sandvik Swedish Steels Ltd. 
Agency—Longleys & Hoffmann Ltd. 
Saturn Industrial Gases Led. 
Agency—Crossley & Co. Ltd 
Saunders-Roe Led. 
Agency—Stanley D. Dickson 


Steel, J. M., & Co. Led. 
Agency—Reyne!l! & Son Ltd. 
Stephens Belting Co. Led. 
Agency—wNicholls Dorrity Adv. Ltd. 
Sterling Metals Led. 
Agency—T. G. Scott & Son Ltd. 
Stone-Wallwork Ltd. 
Agency—Holman Advertising Ltd. 
Super Oil Seals & Gaskets Led. 
Agency—A. ‘° —_ Led. 
Sykes, W. E., 
Agency—W. : oe Ltd. 


Technical Applications Ltd 
Agency—Alfred Bates & Son Ltd. 
Teleflex Products Ltd. 
Telehoist Limited 
Agency—W. S. Crawford 
Tensator (Ltd. 
Agency—G. P. Hughes Ltd. 
Terry, Herbert & Sons Ltd. 
Agency—john Haddon & Co. Ltd. 
Thompson, john (Wilson Boilers) Ltd. 
Agency—Rowlinson-Broughton 
Thorp, Thomas, & Co. Led. 
Agency—). Peers & Assoc. Ltd. 
Torrington Co. Led., The 
Agency—Osborne Peacock Co. Ltd. 
Tufnol Led. 
Agency—Crossley & Co. Ltd. 


Unbrako Socket Screw Co. Ltd. 
Agency—Nicholls Dorrity Adv. Ltd 

United States Metallic Packing Co. Led 
+. ee Furness Ltd. 

Uni-Tubes Ltd 
Agency—Fredk. Aldridge Ltd. 


Varatio-Strateline Gears Ltd 
Agency—Thomas G. Birtles Ltd. 
Varley, F.M. C., Led. 
Agency—]. Peers & Associates Ltd. 
Vickers Armstrong (Engineers) Ltd 
Agency—T.G.A. Ltd 
Vokes Ltd. 
Agency—Trowbridge, Pritchard & Co. Ltd 


Walker, Crosswelier & Co. Ltd. 
Agency—Beardmore Advertising Ltd 

Wailpamur Co. Ltd., The 
Agency—Osborne-Peacock Co. Ltd. 

Ward, H. W., & Co. Led. 
Agency—Associated British Machine Too! 

Makers Ltd. 

Ward (Metal Details) Led. 
Agency—Beardmore Advertising Ltd. 

Weathershields Led. 
Agency—Oldfield & Sharp 

Wellman Bibby Co. Ltd., The 


Self-Changing Gears Led. 136 
Serck Radiators Ltd. 137 
Agency—Longleys & Hoffmann Ltd. 
Sheffield Twist Drill & Steel Co. Ltd., The 21 
Slack & Parr Led. Cover 3 
Agency—Rex Publicity Ltd. 
Smith's Industrial Instruments Ltd a 
Agency—Allardyce Palmer Ltd 
Soag Machine Tools Ltd. 
Société Lanquedocienne de Forages Petroliers. 
Solex (Gauges) Ltd. 
Agency—David Macauley Adv. Ltd. 
Somers Walter Limited 
Agency—Severn Publicity Ltd 
Sperry Gyroscope Co. Ltd. 
Agency—Samson Clark & Co. Ltd. 
Standard Piston Ring Co. Ltd. 
Agency—H. C. Boulter Publicity Ltd 


Agency—f. C. Pritchard Wood & Partners Ltd 
Nitralloy Led. 
Agency—Stanley D. Dickson 
Nu-Way Heating Plants Led 
Agency—Sinclair Advertising Ltd. 


Wellworthy Ltd. 
Westool Ltd. 
Agency—Tibbenham Ltd. 
Wharton Crane & Hoist Co. Ltd 
Agency—Henry Pybus Ltd. 
White S.S. Dental Mfg. Co. (G.B8.) Led. 
Whitecross Co. Ltd. 
Agency—Ripley, Preston & Co. Ltd. 
Whitehouse Industries Led. 
Agency—Hedley Byrne & Co. Ltd. 
Wicksteed & Co. (1920) Ltd. 
Agency—Nicholis, Dorrity Adv. Ltd 
Wild-Barfield Electric Furnaces Ltd. 
Agency—Crane Publicity Ltd. 
Wolverhampton Diecasting Co. Ltd., The 
Agency—Sterling Advertising Ltd. 
Wragby Plastics Led. 
Agency—Wilsmore & Tibbenhom Ltd 


Osborn, Samuel, & Co. Ltd. 
Ormerod, R. E., Led. 
Agency—Sinclair Advertising Ltd. 
Ormond Engineering Co. Led. 
Agency—j. Manser Atkins & Co. Ltd. 
Orzalid Co. Ltd. 
Agency—Oatley Webster Ltd. 
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This ‘package’ 
delivers 
5,000 
MILLION 
B.T.U.s daily ! 


(and brings 





real economy with it) 


To say that the ‘‘Steampacket’’ package boiler 
can achieve almost anything doesn’t mean it will 


climb up the wall (afthough its amazing performance will 


prevent you from ever doing so). This remarkable time-proven smokeless packaged boiler 


operates efficiently without supervision. It incorporates the best practice in boiler construction 
and it will certainly pay you to investigate further by 


contacting us to-day. 


THE CRADLEY 


‘STEAMPACKET 


PACKAGE BOILER 


THE CRADLEY BOILER CO. LTD. 
(London) Laburnum 7962. CRADLEY HEATH, STAFFORDSHIRE 

(Glasgow) Merrylee 0510. Telephone: Cradley Heath 66003 

Gatley 4761. Bristol 58887. 
Gosforth 5-4654 Branches at: 

LONDON, BRISTOL, MANCHESTER 
AND GLASGOW 
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for 100 per cent 


accuracy 


in making form tool cutters of all 
types. We haveovera century of 
experience in precision engineer- 
ing and non-standard flat and 
spherical form cutters are our 
speciality. 

Look for Chatwin. The name for 
a guarantee in precision and 
accuracy. 

Write for a copy of the 


Chatwin Small Tools 
Catalogue. 


Thomas Chatwin & Co. 
Great Tindal Street 
Birmingham 16 

Phone: Edgbaston 3521 

London Office: 25 Hanover Sq., W.1 
"Phone: MAYfair 8783 

Area Sales Offices in Bristol, 


Manchester & Newcastie-on- 
THOMAS CHATWAWIN & CO. Tyne. 








CONSULT Fo f2=a7< 


the experienced ‘ 
multi-drilling specialists — 


Slack & Parr manufacture the largest range of multi-heads for standard 
drilling machines and unit heads. Whether your problem is drilling two 
holes or fifty holes, there is an S.P.K. head available for either small 
batch production or long runs. S.P.K. equipment can be supplied 
complete with jigs ready to start immediate production. 


The capital outlay is quickly recovered due to increased production. 
All S.P.K. multi-drilling equipment is built from standard off-the-shelf 
components developed from practical experience. For low cost and 
proved performance, you cannot better S.P.K. equipment for all your 
multi-drilling. 


Tell us your production problems—they may not be problems to us. 


SLACK & PARR LIMITED 
Gl Ce, OR ae a . en ee DO 
Telephone: Kegworth 306 





AND 


DEBURR 
IN 


ONE 





SAVE time, floorspace, manpower; BURR-BIT 
eliminates an extra machine, functions only 
as the tap is being withdrawn. Wo extra 
power is used. 


CLEAN HOLES—BURR-BIT chamfers while the 


tap is withdrawing, burr is not pushed into 
the hole. 


COLLAR COLLAR 
SET SCREW 


AIDS ASSEMBLY — BURR-BIT leaves clean 
Yl 


thread lead. With burr removed parts are 
easily mated. 


LT 
Pm, 
pa 

* 


omen 


BIT BODY SPRING 
(2 or 3 , 
Lip) \ 


BIT BLADE 
(Keep 
sharp for 
Fitted to the tap in best results 
seconds! Adjustable by grinding 
to suit thread depth. inside face) 


Nalos L. 








IN THIN MATERIAL — more full threads are 
left for gripping. BURR-BIT chamfers top 
thread only. For deep holes BURR-BIT is 

For use with standard 2, 3, or . ‘ P 
furnished with double conical spring. 

4 flute taps, on tapping machines 

in tapping heads, on single and 

multi-spindle automatics, capstan NORMAL OPERATION — BURR-BIT does not 

and turret lathes 


interfere with normal tapping or the accuracy 
of the tap. 


For most materials steel, cast 


Literature ” request 
ee a ee 


copper x 


STOCKED IN THE TAP RANGE GBA-’%" 


MADE BY BSA. SMALL TOOLS LTD Patent f uh 
SPARKBROOK BIRMINGHAM ENGLAND 


RAD MART’ | 


plastics 


| 
} j 
if ‘ 
SOLE AGENTS U.K. BURTON GRIFFITHS & CO.LTD. MONTGOMERY ST. BIRMINGHAM II |= = «| 
pd 


TEL. VICTORIA 2351 LOS" 





